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^VfONOCYCLQPENTADIEN VT, COMPLEXES 
The present invention relates to monocyclopentadienyl complexes in which the 
cyclopentadienyl system bears at least one unsubstituted, substituted or fused, heterparomatic 
ring system bound via a specific bridge and to a catalyst system comprising at least one of the 
monocyclopentadienyl complexes, and also to processes for preparing the latter. 

In addition, the invention relates to the use of the catalyst system for the polymerization 
or copblymerizatipn of olefins and to a process for preparing poiyolefins by polymerization or 
copolymerization of olefins in the presence of the catalyst system and to polymers obtainable in 
this way. 

' . Many of the catalysts which are used for the polymerization of a-olefins are based on 
immobilized chromium oxides (cf. for example, Kirk-Othmer, "Encyclopedia of Chemical 
Technology", 1981, Vol. 16, p. 402). These generally give ethylene homopolymers and 
copolymers having high molecular weights, but are relatively insensitive to hydrogen and thus do 
pot allow the molecular weight to be controjed in a simple manner. On the other hand, the use of 
bis(cyclopentadienyl)chromium (US 3,7©9;853), bis(indenyl)chromium or 
bis(flUorenyl)chromium (US 4,015,059) which has been applied to an inorganic, oxidic support 
. enables the molecular weighj of polyethylene to be controlled in a simple fashion by addition of 

hydrogen. . " . 

As in the case of Ziegler-Natta systems, there is now also ^ search for chromium-based 
catalyst systems having a uniquely defined, active center, namely single side catalysts. The 
activity and copolymerizatipn behavior of the catalyst and the properties of the polymers 
obtained therewith should be able to be altered in a simple manner by targeted variation of the. 
ligand framework." 

Thus, EP 0 742 ©46 claims constrained geometry complexes of elements of transition 
group 6, a specific process for preparing them (via metal tetraamides) and a process for preparing 
a polyolefin in the presence of such catalysts. Polymerization examples are not given. The 
ligand framework comprises an anionic donor which is linked to a cyclopentadienyl radical. 

In Organomet 1996, 15, 5284-5286, K.H. Theopold et aL describe an analogous {[(teft- 
butylaniido^meAylsilylKtet^ complex for the 

, polymerization of olefins. This complex selectively* polymerizes ethylene. Comonomers such as 
hexene are npt incorporated, and propene cannot be polymerized. 
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This disadvantage can be overcome by use of structurally similar systems. Thus, DE 1 97 
10615 describes monocyclopentadienylchroinium compounds which are substituted by donor 
. • ligands and by means of which propene, for example, can also be polymerized. The donor is 
from group 15 arid is uncharged. The donor is bound to the cyclopentadienyl ring via a (ZR 2 )n 
5 fragment, where R is hydrogen, alky! or aryl, % is an atom of group 14 and fcl . In DE 196 30 
580, Z=Karbon in combination with an amine dpnor is specifically claimed. 

. WO 96/13529 describes reduced transition metal complexes of metals of groups 4 to 6 of 
the Periodic Table with ppryderitate monpanionic ligands. These include cyclopentadienyl 
ligands containing a donor function. The examples are restricted to titanium compounds. 
10 There are also ligand systems in which the donor group is linked rigidly to the 

cyclopentadienyl radical. Such ligand systems and. their metal complexes are summarized by, 
for example, ?. Jutzi andU. Siemeling in J. Orgmet. Chem. (1995), 500, 175-185, Section 3. In 
Chem. Ber. (1996), 129, 459-463, M. Enders et at describe 8-quinolyl-substituted 
cyclopentadienyl ligands; and their titanium trichloride and zirconium trichloride complexes; 2- 
15* Picolyjcyclopentadienyltitanium trichloride in ! combination whh MAO has been used by M. 

Blais, J. Chieh and M. Rauscb in Organomet. (1998X 17 (17) 3775,3783, for the polymerization. 

of olefins. '•'.{' 

WO 01/92346 discloses cyclopentadienyl complexes of elements of groups 4-6 of the 
. Periodic Table of the Elements, in which a dihydrocarbyl-Y group is bound to the 
20 cyclopentadienyl system, where Y is an element of group 14 of the Periodic Table of the 
. .j Elements which bears particular Lewis bases. 

It is an object of the invention to find further transition metal complexes based on. 
cyclopentadienyl ligands having a bridged donor which are suitable for the polymerization of 
olefins. A farther object of the invention is to find an advantageous process for preparing such 

.25 complexes. ; 

We have ft>und th^t this object is achieved by monpcyclopentadienyl complexes which 
comprise the structural feature of the formula (CpX-ZO-A)^ (0, where the variables have the 
following meanings: . ... 

Cp is a 9yclopentadienyl system, 
30. Z is a bridge between A and Gp of the formula, - ■ 
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V 

k 2 * ' ; 

where 

L 1B are each, independently of one another, carbon or silicon preferably carbon, 
R lB is d-Cao-alky], CVCao-aJkenyl, Cs-Cao-aryl,. alkylaryl having from 1 to 10 
5 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or SiR 3B 3, 

where the organic radical R IB may also be substituted by halogens and R 1B and 
A may also be joined to form a five- or six-membered ring, 

, R 20 'is hydrogen, CtiCirdkyU 

to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or 
10 SiR 3B 3 , where the organic radical R 2B rr»y also be substituted by halogens and 

R 2B and A may also be joined to form a five- or six-membered ring 

and 

R 3B are each, independently of one another, hydrogen, Ci-C 2 o-alkyl, C2-C20- 

^Ikenyl, Ce-d^aryl or alkylaryl having from, l to.10 carbon atoms in the alkyl 
15 part and 6-20 carbon atoms in the axyl pari and two radicals R 3B may also be 

'•. joined to form a five- or six-membered ring, 
A is an utisubstituted, substituted or fused, heteroaromatic ring system, 
\. "M is a metal selected from the group consisting of titanium in the oxidation state 3, 
vanadium; chromium, molybdenum and tungsten and. 

20 m. . is '1,2 or 3. 

= We hate also found a catalyst system comprising the monocyclopentadienyl complexes 
of the present invention, the use. of the monocyclopentadienyl complexes or the catalyst system 
for the polymerization or copoly merization of olefins and a process for preparing polyojefins by 
polymerization or cppoiymerization of olefins in the presence pf the monocyclopentadienyl. 
25 complex of the catalyst system and have also found polymers obtainable therefrom. . 

The monocyclopentadienyl complexes of the present invention comprise the. structural 
element of the formula (Cp)(-Z^ A)^ (I), where the variables are as defined above. Further 
ligands may therefore be bound to the metal atom M. The number of further ligands depends, 
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for example, on the oxidation state of the metal atom. Possible 

^yclopentadienyl systems. Suitable ligands include monoanionic and dianiomc Kgands as 
described, for example, for X. Furthermore, Lewis bases such as amines, ethers, ketones, 
aldehydes, esters, sulfides or phosphines can also be bound to the metal center M. 

Cpis a cyclopentadienyl system which may have any desired substitution pattern and/or be 
fosed with one or more aromatic; aliphatic, heterocyclic or hetert^matic rings, with 1, 2 or 3 
substi^ents,' preferably 1 substituent, being the group -Z-Al the basic cyelbpehtadienyl skeleton 
itself is a Cs ring sy stem having 6 k electrons in which one of the carbon atoms may also be 
replaced by nitrogen or phosphorus, preferably phosphorus, Preference is given to using C 5 ring 
systems without replacement by a heteroWom. A, heteroaromatic which contains at least one 
atom from the gft>up consisting of N, P; O and S oran aipmatic can, for example, be. fused onto 
this basic cyclopentadienyl skeleton^ m the present context, &sedomo means mat th^ 
heterocycle and the basic cylopemadienyl skeleton share twp atoms, preferably carbon atoms. 
. preferenceis given to cyclopentadienyl systems bp of the formula (II) ... - ... , * 



R 



1A 



,2A 



R 5 * 



y ^)\ (») 




.. - . \^>R^ 'V- 

' . R 4A "'' V -L.' ': •'■ :* ■ ■• *• 

15 where the variables have the following meanings: •;, . ' . 

E 1 A -E 3A are each carbon or not more than one E 1A to E? A is phosphorus, 
R 1 A -R 5A are each, independently of pne another, hydrogen, <CrC 2 o-alkyl, Ci-Cjo-alkenyl, C 6 - 
Cjo-aryl alkyiaryl having from l to 10 carbon atbms in the alkyl part and 6-20 
carbonatoms in the aryl part, NR*\ N(SiR« A 3)2, OR 6A , OSIR 6A 3 , SiR«S, BR<\ 
20 • where the organic radicals R 1A -R 5A may also be substituted by halogens and two 

• .' vicinal radicals R 1A -R SA may also be joined to form a five- pr six-memberedring, 

and/or two vicinal radicals R* A -R 5A are joined to form a heterocycle which contains 
• at least one atom from the group consisting of N; P, O and S, with 1, 2 or 3 

substituentsR^R 5A preferably one substiteent R 1A r R 5 \ being a -Z : A group and • 
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R 6A are each, independently of one another, hydrogen, Ci-C 2 <*alkyl, Cr-Cao-alkenyl, O 
C 2 o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part and two gerninal radicals R 6A may also be joined to 
form a five- or six-membered ring. 
In preferred cyclopentadienyl systems Cp, all E ,A to E 3A are carbon 
two vicinal radicals R 1A -R 3A together with the E 1A -E 3A bearing them may form a 
heteroeycie, preferably a heteroaromatic, containing at least one atom from the group consisting 
of nitrogen, phosphorus, oxygen and sulfur, particularly preferably nurogen and/or sulfur, with 
the E 1 a -E 3a present in the heteroeycie or heteroaromatic preferably being carbon atoms. 
Preference is given to heterocycles and heteroaromatics having a ring size of 5 or 6 atoms, 
Examples of 5-membered heterocycles which may have, from one to four nitrogen atoms and/or a 
sulfur or oxygen atom in addition to carbon atoms as ring atoms* are 1,2-dihydrofuran, furan, 
thiophene, pyrrole, isoxazole, 3-isothiazole, pyrazole, oxazole, thiazole, imidazole, 1,2,4- 
oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, l,2,3 r triazole and 1,2,4-triazole. Examples of 6- 
5 membered heteroaryl groups which may contain from one to four nitrogen atoms and/or a 

phosphorus atom are pyridine, phosphabenzene, pyridazine, pyrimidine, pyrazine, 1,3,5-triazine, 
1,2,4-triazine and 1,2,3-triazine. The 5-membered and 6-membered heterocycles may also be 
substituted by C,-C„»-alkyl, Ce-Co-aryl, alkylaryl having from ! to 10 carbon atoms in the alkyl 
part and 6-10 carbon atoms in the aryl part, trialkylsilyl or halogens such as fluorine, chlorine or 
JO bromine, dialMamido. alkylarylamido, diarylamido, alkoxy or aryloxy or be fused with one or 
more aromatics or heteroaromatics. Examples of benzo-fused 5-membered heteroaryl groups are 
indole, indazole, benzbfuran^ benzotMophene, benzothiazole* benzoxazole and benzimidazole. 
Examples of benzo-fused 6-membered heteroaryl groups are ehroman, benzopyran, quinoline, 
isoquinoline, cinnoline, phthalazine, quinazoline, quinoxaline, 1,10-phenanthrdlihe and 
quinolizine. Naming and numbering of the heterocycles has been taken from I^tteu, Chemie der 
Heterocyclen, 1st edition, VEB, Weinheim 1979. The heterocyclesmeteroaromatics are 
preferably fused with the basic cyclopentadienyl skeleton via a C-C double bond of the 
heterocycle/heteroaromatic. Heterocycles^eteroaromatics having one heteroatom are preferably 
2,3- orb-rosed. 

30 Examples of cyclopentadienyl systems Cp having a fosed-on heteroeycie are 

thiapemalene, 2-methylthiapeirtalene, 2-ethyhhiapentalene, 2-isopropyltbiapentalene, 2^n- 



25 
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butylthiapentalene, 2-tert-butylthiapentalene, 2-trimethylsilylthiapentalene, 2- 
phenyltbjapentalene, 2-naphthylthiapentalene, 3-methylthiapentalene, 4-phenyl-2,6-diroethyl-l* 
thiapentalene, 4-phenyl-2,6-diethyl-l-thiapeiitalene, 4-phenyl-2,6rdiisopr6pyl-l-thiapentalene, 4- 
phenyl^^di-^-butyl-l-tbiapentalene, 4-phenylT2,6-ditrim6thylsilyl-l-tbiapentalene, 
5 azapentalene, 2-methylazapentalene, I'-ethylaZapentalene, 2-isopropyla?ape0talene, 

butylazapentalene, 2-trimethylsilylazapentalene, 2-phenylazapentalene, 2-naphtljylazapentalene, 
l-phenyl-2,5^imwhyl-l : az3pefflalene, l-phtoyl-2,5*diethyl-l-azapentalene, l-pheny!-2,5-di-n- 
butyl-l-azapentalene, l-phraiyW.S-di-tert-butyl-l-azapeirtalene, ; l-phenyl-2,5-ditrimethylsilyl-l- 
azapentalene, 1 -tert-butyl-2,5 -dimethyl- 1 -azapentalene, oxapentalene, phosphapentalene, 1- 
10 pheiiyl-2,5Tdimethyl-l-phosphapeiitalene, l-phenyl-2,5-diethyl-l -phosphapentalene, 1-phenyl- 
2,5-di-n^butyl-l-phosphapentalene, i-phenyl-2,5-di-teirt-butyl-l-phosphapentalene, 1-phenyl- 
2,5-ditrimethylsilyl-l-phosphapentalene, l-methyl-2,5^1imethyl-l-phosphapeiitalene, 1-tert- 
biityl-2,5^dimethyl-l-phosphapentalene, 7-^clopenta[l,2]tnieno[3,4]cyclopentadiene and 7- 
cycloRenta[l,2]pyir61o[3,4]cyclopentadiene.. 
15 In further preferred cyclopentadienyl systems Cp, four of the radicals R* A -R 5A , Lft two 

pairs of vicinal radicals, form two heterocycles, in particular heteroaromatics. The heterocyclic 
systems are the same as those described in more detail above. Examples of cyclopentadienyl 
systems Cp having two fused-on heterocycles are 7-cyclopentadithiophene, 7-\ 
/ cyclopentadipyrrole and 7^cyclopentadiphosphole. ■ 
20 The synthesis of such cyclopentadienyl systems hjaying a &sed-on heterocycle is - 

described, for example, in the a^bvementibned WO 98/22486. In "metalorganic catalysts for 
synthesis and polymerisation", Spring Verlag 1099, p. 150 ff, Ewen et «L describe fiirther 
syntheses, of these cyclopentadienyl systems. 

Variation of the substituents R IA -R 5A can likewise ex&rt an influence on the 
25 polymerization behavior of the metal complexes. Th6 ability of the olefins to be polymerized to 
gain access to the metal atom M can be influenced by the number and type of substituents. This 
inakes it possible to modify the activity and selectivity of the catalyst in respect of Various 
monomers, in particular bulky monomers. Since the substituents can also have an influence on 
..the rate of termination reactions of the growing polymer chain, the molecular weight of the 
30 polymers formed can also be altered in this way. The chemical striictyre of the substituents R 1A 
to R 5A can therefore be varied within a wide range in order to achieve the desired results and to 
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give a tailored catalyst system. Examples of suitable carboorganic substituents R 1A -R 5A are the. 
following: d-Cao-alkyl which may be linear or branched, e.g. methyl, ethyl, n-propyl isopropyl, 
n-butyl, isobutyl, tert-butyl, n-pentyl, h-hexyt, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 
5- to 7-membered cycloalkyl which may.in turn bear a Cs-Cio-aryl group as substituent, e.g. 
cyclopropyl cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl, cyclooctyl, cyclononyl or 
cyclododecyl, C2-C 2 o^alkenyl which may be linear, cyclic or branched and in which the double 
bondcan be internal or terminal, e.g. vinyl, l-allyl, 2^1yl, 3-allyl, butenyl, pentenyl, hexenyl, 
cyclopentenyl, cyclohexenyl, cyclooctenyl or cyciooctadienyl, C6-C TO -aryl which may bear 
further alkyl groups as substituents, e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p- • 
methylphenyl, 2,3-, 2,4-, 2,5- or 2,6^dimethylpheny|, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3;4,5- 
trimethylphenyl, and arylalkyl which may bear farther alkyl groups as substituents, e.g. benzyl, 
o-, m-, p-methylberizyU V * 2-ethylphenyl, where two radicals R 1A to R SA may also be joined to 
form a 5- or 6-membered ring and the organic radicals R ,A -R 5A may also be substituted by 
halogens, e g. fluorine, chlorine or bromine. Furthermore, R 1A -R 5A can also be amino or alkoxy, 
for example dimethylm^^ 

orgattosilicon substituents SiR 6 \ possible radicals R 6A are the same ones which are mentioned - 
in more detail above for R 1A -R 3A and it is also possible for two radicals R 6A to be joined to form 
a 5- or 6-membered ring, sp that examples of suitable SiR 6A 3 substituents aretrimethylsilyl, 
triethylsilyl, butyldimethylsilyl, tributylsilyl, tri-tert-butylsilyl, triallylsilyl, triphenylsilyl and 
dimethylphenylsilyL These SiR 6A 3 radicals may also be bound to the cyclopeptadienyl skeleton 
via an oxygen or nitrogen atom, for example trimethylsilyloxy, triethylsilyloxy, : ^ 

butyldimethylsilyloxy.tributylsilylox^ Preferred radicals R 1A wR 5A are 

hydrogen; methyl, ethyl, n-propyl, isopropyl, n*utyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n- 
heptyl, n^>cty!, vinyl, allyl, benzyl, phenyl, orfho-dialkyl- or ortho^dichloro-substituted phenyls, 
^ialkyl- or trichloro-substituted phenyls, naphthyl, biphenyl and anthranyl. As organositicon 
substituents, particular preference is given to trialkylsilyl groups having from 1 to 10 carbon 
• atoms in the alkyl radical, in particular trimethylsilyl groups. 

Examples of such cyclopentadienyl systems (without .the grpup -Z-A, which is preferably 
in the 1 position) are 3-methylcyclopentadienyl, 3-ethylcyclopentadienyl, 3- 
) isopropylcyclopentadienyl,3-tert.butylcyc^^ 

tetrahydroindenyl, 2,4-dimethyl.cyclopentadienyl or 3-memyV5-tert-butylcyclopentadienyl, 



trialkylcyclopentadienyt e.g. 2,3,5-trimethylcyclopeirtadienyl, and tetraalkylcyclopentadienyl, . 
e.g, 2,3,4,5-tetramethylcyctopeiitadieiiyl, 

' Preference is also given to compounds in which two vicinal radicals R 1A -R 5A form a 
cyclic fused ring system, i.e. together with the basic E 1 A -E 5A skeleton, preferably a C 5 - 
5 cyclopentadienyl skeleton, form,.for example, an unsubstituted or substituted indenyl, 

benzindenyl, phenanthrenyl, fluorenyl or tetrahydroindenyl system, for example indenyl, 2- 
methylindenyl, 2^ethylindenyl, 2-isopropylindenyl, 3 : methylindenyl, benzindenyl or 2- 

methylbenzindenyl. ' 

The fiised ring system may bear further Ci-CM-alkyl groups, Ca-C^o-alkenyl groups, Ce- 
10 Qto-aryl groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 6-20 

. carbon atoms in the aryl part, NR 6 ^, N(SiR 6A 3)2, OR 6A , OSiR 6A 3 or SiR 6A 3, e.g. 4-methylindehyl, 
. 4-ethylindenyl, 4-isopropylindenyl, 5-methylmdenyl, 4-phenylindenyl, 5-methyl-4- 
phenylindenyl, r 2-me&yl^phenylindenyl or 4-naphthylindenyl. 

Preferred substituents R^S-R^ which do hot form -Z-A are the aboverdescribed 
15 carboorganic substituents and the carbborganic substituents which form a fused ring system, in 
particular theirpreferred embodiments. •- 

m pan be 1, 2 or 3, i.e. V, 2 Or 3 radicals R ,A -R 5A are --Z-A, }uthecaseof2or3-Z-A 
radicals being present, these can be identical or different. Preference is given to only one of the 
radicals R 1A -R 5A being -Z-A (m = 1). 
20 Like metallocenes, die monocyclopentadienyl complexes of the present invention can be 

chiral. Thus, one of the substituents R 1A -R 5A on the basic cyclopentadienyl skeleton can have, 
one or more chiral Centers, or else the byclopentadienyl system Cp can itself be eftantiotopic so 

t 

that cbirality is in use only when it is bound to the transition metal M (for the formalisms 
concerrimg chirality in cyclopentadienyl compounds, see R Halterman, Chem. Rev. 92, (1992), 

25 965-994). . . 

Z is preferably a CR 1D R 2B group. 

Possible carboorganic substituents R^-R 28 on the link Z are, for example the following: 
Cj-Cjo-alkyl which may be linear or branched, eg. ethyl, n-propyt isopropyL n-butyl, isobutyl, 
tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered 
30 cycloalkyl which may in turn bear, a C^-Cio-aryl group as substituents, eg. cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclpnonyl or cyclododecyl, C r 



LU 6079 (US) 

Qzo-alkenyl which may be linear, cyclic br.branched and in which the double bond can be 
internal or terminal, e.g. vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl, hexenyl, cyclopentenyl, 
cyclohexenyl, cyclooctenyl or cyclooctadienyl, Ge-Cw-aryl which may bear further aljcyl groups 
as substituents* e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 

5 2,5-, or 2,6-dimethylpbenyl, 2,3,4-,2,3,5-, 2,3,6^, 2,4,5- f 2,4,6- or 3,4,5-trimethylphenyl, or 
arylalkyl which may bear further alkyl groups as substituents, e.g. benzyl, q-, m-, p- 
methylbenzyl, 1- or 2-ethylphepyl, where R 28 may also be methyl or hydrogen and the organic 
radicals R 1B -R 2B may also be Substituted by halogens, e.g. fluorine, chlorine or bromine, or alkyl 
or aryt \ r * • 

0 Possible radicals R 3B in organosilicon substituents S5R 3B 3 are the same radicals which 

have been described in more detail flbove^or R 2 *, and twq radicals R 3B may also be joined to 
form a 5- or 6-membered ring, so that examples of suitable substituents SiR 3B 3 are trimethylsilyl, 
triethylsilyl, butyldimethylsilyl, tributylsilyl, tri-tert-butylsilyl, triallylsilyl, triphenylsilyl and 
f dimethylphenylsilyl. / 

1 5 The radicals R 1B and R 2B may be identical or different. Preference is given to R 1B and 

R 2B being different, so that L 1B is a chiral center. 

Preferred radicals R ip are ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n- 
pentyl, n-hexyl, n-heptyl, n-octyl, benzyl, phenyl, ortho-djalkyi- or ortho-dichloro-substituted 
phenyls^ trialkyl- or tricfrloro-substituted phenyls, naphthyl, biphenyl and anthranyl, while R 2B is 

26 . at the same tome hydrogen or methyl, in particular hydrogen. Z i$ particularly preferably a ? 
CH(C6H3>- group. 

The bridge 2 between the' cyclopentadienyl system Cp and the heteroarpmatic A is an 
organic, preferably divalent, bridge comprising sterically substituted carbon and/or silicon units. 
Z can be bound to the basic cyclopentadienyl skeleton or be bound to the heterocycle or the 
25 fused-on ring of the cyclopentadienyl systeni. Z is preferably bound to the basic . 
. cyclopentadienyl skeleton. . The activity of the catalyst, can be influenced by the change in the ; 
■ . length of the link between the cyclopentadienyl system and A. Z is particularly preferably bound 
. both to the fused-on heterocycle or fused-on aromatic and to the basic cylopentadienyl 
framework. If the heterocycle or aromatic is fused on in the 2,3 position of the cyclopentadienyl 
30 skeleton, Z is preferably located in the 1 or 4 position of the cyclopentadienyl skeleton. 
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A is an un substituted, substituted or fused heteroaromatic ring system which can contain 
heteroatorhs from, the group consisting of oxygen, sulfur, nitrogen and phosphorus in addition to 
the ring carbons. Examples of 5-inembered heteroaryl groups which, in addition to carbon 

atoms, contain from one to four nitrogen atoms orfrom one to three nitrogen atoms and/of a 

• * • 

5 sulfur or oxygen atom as ring atoms are 2-furyl, 2-thienyl, 2-pyrrolyl, 3 r isoxazolyl, 5-isoxazolyl, • 
3-isbthiazolyl, 5-isothiazolyl, l-pyra?6lyl, 3-pyra?olyl, 5-pyrazolyl, 2-ox$zolyl, 4-oxazolyl,'5- 
oxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazoIyl, 2-imidaz6lyl, 4-imidazolyl, 5-imidazolyl, 1,2,4- 
oxadiazol-3-yl, i;2,4rOxadiazoU5,yl, l,3,4voxadiazot2-yl and l,2,4-triazol-3-yl. Examples of 6^ 
membered heteroaryl groups which can coritain from one to four nitrogen atoms and/or a 
10 phosphorus atom are 2-pyridinyI, 2-rphosphabeftzolyi 3-pyridazinyl, 2-pyrimidinyl, 4- 

pyrimidinyl, 2-pyrazinyl, l,3,5-triazin-2-yi aqd I,2,4-triazin-3-yl, l,2,4-triazin-5ryi and 1,2,4- 
triazin-6-yl. The.S-rmemb.ered and 6-membered.heteiroaryl groups may also be substituted by Ci- * 
Cio-alkyl, Ce-Cio-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-10 . 
carbon atoms iA the aryl part, trialkylsilyl or halogens such as fluorine,, chlorine or bromine or be 
1 5 fused with one or more aromatics or heteroaromatics. Examples of benzo-fused 5-membered 
heteroaryl groups are 2-ihdolyl, 7-indolyl, 2n?oumaronyl, 7-couinarbhyl, 2-thianaphthenyl • 7- - 
thianaphthenyi; 3-indazolyl, 7^indazolyl, 2-benzinnd^zqlyi and 7 r benzimidaioIyJ. Examples of 
benzo-fased 6-memb«?red heteroaryl groups are 2-c|uinblyl, 8-quinolyl, 3-cinnolyl, 8-cinnolyl, 1 ^ 
phthalazyl, 2-quinazolyl, 4-quinazolyl, 8-quinazolyl, 5-quinoxalyl, 4-acridyl, 1-phenanthridyl 
: 20. and lrphen&zyl " 

A can bind to the metal M either mtermoleculWly of intf amplec^larly. A is preferably 
. bound intramolecularly to M The synthesis of the compound iii which A is bound to the 
cyclopentadienyl ring can be carried out, for example, by methods analogous to those of M. 
Enders et al. in Chem. Ber. (1996), 129, 459-463 and P. Jutzi and fX Siemeling in J. Orgmet. 
.25 CheiiL (19?5), 500, 175-185. ?v ' '.<•'" .i V ... 

Among these heteroatomatic systems, particular preference is given to unsubstituted, 
substituted and/pr fused 6-membered heteroaromatics haying J, 2, 3, 4 or 5 nitrogen atoms in the 
heteroaromatic moiety to which Z is bound, in particular 2-pyridyI or 2-quinolyl. A is therefore 
preferably a group of the formula QH) 
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where 

E^-E 40 are each carbon or nitrogen, 

^jc -R 4c ^ independently of one another, hydrogen, Ci-C 2 o-alkyl, C2-C2o-alJkenyl, C6-C20- 
aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms 
5 \ in the aryl part or SiR 5C 3, where the organic radicals R 10 ^ 40 amy also be substituted by 

halogens or nitrogen or further Ci-Caralkyl groups, C2-C2o-alkenyl groups, C6-C 2 o-aryl 
groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part or S£R 5C 3 and two vicinal radicals R^-R 40 or R 1C and Z 
may also be joined to form a five- or six-membered ring, 
10 R 50 are each, independently of one another, hydrogen, Ci-C2o-alkyl, C^-C^alkenyl, (VCzo- 
aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
atoms in the aryl part and two radicals R 5C may also be joined to form a five- or six- 
membered ring aind 
p " is 0 when E 10 -^ 40 is nitrogen and i? I when E 10 -^ 40 is carbon. 
15 In particular, 0 or 1 E^-E 40 is nitrogen and the others are carbon. A is particularly 

preferably a 2-pyridyl, 6-methyI-2-pyridyl, 4-methyl-2-pyridyl, 5-methyl-2-pyridyJ, 5-ethyl-2-r • 
pyridyl, 4,6-dimethyl-2-pyridyl, 3-pyri<lazyl, 4-pyrimidyl, 6-methyl-4-pyrimidyl, 2-pyrazinyl, 6- • 
. methyl-2-pyrazinyl ? 5-methyl-2-pyrazinyl, 3-methyl-2-pyrazinyl, 3-ethyl-2-pyrazinyl, 3,5,6- 
trimethyl-2-pyraanyl, 2-quinolyl, 4-methyl-2-quinolyl, 6-methyl-2-quinolyl, 7-methyl-2- 
20 . quinolyl, 2-quinoxalyl or 3-methyl-2-qumox$lyl. , 

In preferred monocyclopentadienyl complexes, the cyclopentadienyl system Cp and -Z-A 
form a Ugand (Cp-Z-A) of the formula IV : 
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R \ R 2 * 



(IV) 



R 4 * 

where the variables A, Z, E 1A to E 5A and R 6A are as defined above and their preferred 
embodiments are also preferred here and 

R 1A "R 4A . are each, independently of one another, hydrogen, Ci-C2 0 -aJkyl, Cj-Czo-alkenyl, C 6 - 
C2o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
5 . . carbon atoms in the aryl part, NR 6 \ N(SiR 6A 3 )2, OR 6A OSiR 6 ^, $iR 6A 3 , PR 6A 2 , 

where the organic radicals R 1A -R 4A may also be substituted by halogens and two 
vicinal radicals R 1A -R 4A may also be joined to form a five- or six-membered ring, ' 
and/ortwo vicinal radicals R ,A -R 4A are joined to form a heterocycle which contains 
at least one atom from the grotip consisting of N, P, . O and S. 
10 . The embodiments and preferred embodiments described above likewise apply to the R 1A - 

R 4A described here.. . 

. Among these preferred ligtods (Cp-Zr A), particular preference is given to those of the 
formula V: . 1 - : ' 



(V) 




where the variables A, Zand R 6A are as defined above and their preferred embodiments are also 
15 * preferred here and 

r ia lR 4A . are each, independently of one another, hydrogen, Ci-C^o-alkyl, QrC2o-alkenyl, Ce- 
C20^aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part, NR*\ N(Si* 6A 3 )2, OR- A , OSiR 6A 3, SiR 6A 3 , BR 6A 2 , 
• where the organic radicals R iA -*R 4A may alsb be substituted by halogens and two 

12 
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vicinal radicals R l *-R 4A may also be joined to form a five- or six-membered ring, 

..-.."** 

. and/or two vicinal radicals R !A -R 4A are joined to form a heterocycle which contains 
. at least one atom from the group consisting of N, P, O and S. 
The embodiments and preferred embodiments described, above likewise apply to the R 1A - 
R 4A described here. 

In particular, the monocy clop entadienyl Complex contains the ligand (Cp-Z-A) of the • 
formula IV or V in the following preferred embodiment: 
Z is -CHR IB -, in particular -CH(C(Rs)- , . "• 

A is .•'*'. 
- 

. 1C I 

D c2C 3C 

ii L • c») 

10 where • . 

are each carbon or nitrogen, •• v 

R ic ^4c QIG each, independently of one another, hydrogen, Ci-C^o-alkyi, Q-Cao-alkenyl, Qr 
C2<raryl, alkylaryl having from 1 to 10 carbon atoitis in th? alkyl part and 6-20 
carbon atoms in the aryl part or SiR^, where the organic radicals R^-R 40 may also 
.15 be substituted by halogens or further Ci-C2o-alkyl groups, C2-C2o-alkenyI groups, C6- 

C^o-aryl groups, alkylaryl groups having from ! to 1 0 carbon atoms in. the alkyl jpart 
and 6-20 carbon atoms in the aryl part or SiR 5C 3 and two vicinal radicals R^-R 40 or 
R 1C and Z may also be joined to form a five- or six-membered ring, 
R 3C .aire each, independently of one another, hydrogen, Ci-Cao-alkyl, C2-C2©-alkenyl, Ck- . 
20 C2o-aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 . 

carbon atoms in the aryl part and two radicals R sc may ?dso be joined to form a five- 
» or six-membered ring and 
p , is 0 when E*?-E^ is nitrogen and is 1 when E 1C -E^ is caibon. . 

M is a metal selected from the group consisting of titanium in the oxidation state 3, 
25 vanadium, chromium, molybdenum and tungsten, preferably titanium in the oxidation state 3 and 
chromium. Particular preference is given to chromium in the oxidation states 2, 3 and 4, in 
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particular 3. The metal complexes, in particular the chromium complexes, can be obtained in a 
simple manner by reacting the corresponding metal salts, e.g. metal chlorides, with the ligand , 
anion (e.g. by methods analogous to the examples in DE 197 10615). 

Among the monpcyclopentadienyl complexes of the present invention, preference is 
5 giveii to those of the formula (CpX^Z^mMXk (VI), where the variables Cp, Z, A, m and M are 
as defined above and their preferred embodiments are also preferred here and: 
X are each, independently of one another, fluorine, chlorine, bromine, iodine, hydrogen, 
Ci-Cio-alkyl, QrC^alkenyl, CVCzo-aryl, alkylaryi having 1-10 carbon atoms in the 
alkyl part and &-20 carbon atoms in the aryl part, NR 1 ^, OR 1 , SR 1 , SO3R 1 , OC(0)R l , 
1 0 CN, SCN, P^IUcetonate, CO, BF 4 ~ , PF 6 " or at bulky noncoordinating anion, 

R l rR 2 are each, independently of one another, hydrogefi, Ci-C20-alkyl, C2-C2o : -alkenyl, C6-C20- 
aryl, alkylaryi having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms . 
in the aryl part or SiR 3 3, where the organic radicals R*-R 2 may also be substituted by 
halogens or nitrogen- and oxygen-containing groups and two radicals R|-R 2 may also be 
15 joined to form a five- or six-membered ringj V 

R s are each, independently of on? another, hydrogen, Ci-C2o-alkyl, Ci-C^alkenyL, Q-C20- 
aryl, alkylajryl having from 1 to 10 carbpn atoms in the alkyl part and 6-20 carbon atoms 
in the aryl part and two radicals R 3 may also be joined to form a fives- or six-membered 
ring and 

• * .*_••.. 

20 k is 1, 2, or 3. . r ; 

The embodiments and preferred embodiments of Cp, Z, A, m and M described above also 

apply individually and in combination \o these preferred monocycloperitadienyl complexes. 

The ligands X :are determined, for example, by the choice of the appropriate metal 

starting compounds used for the. synthesis, of the monocyclopentadienyl complexes, but can also 

25 be altered afterwards. Possible ligands X are, in particular; halogens such as fluorine, chlorine, : 
bromine or iodine, in particular chlorine. Alkyl radicals such as methyl, ethyl, propyl, butyl, 
vinyl, ally!, phenyl or benzyl are also advantageous ligands X, Further ligands X are, purely by 
way of example without being exhaustive, trifluoroacetate, BF 4 ", PF 6 ~ and weakly coordinating 
or noncoordinating anions (cf., for example, S. Strauss in Chem. Rev. 1993, 93, 927-942), e.g. 

30 B(C6F 5 )v 
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Amides, alkoxid^, sulfonates, carboxylates and P-diketonates are also particularly useful 
ligands X. . Variation of the radicals R 1 and R 2 enables fine adjustments to, for example, physical 
properties such as* solubility to be made/ Examples of possible carboorganic substituents R*-R 2 
are the following: Ci-C^alfcyl which may be linear cir branched, e.g. methyl, ethyl, n^propyj, 

5 isopropyl, n-butyl ? isobiutyl, tot-butyl, n-pentyl, ri-hexyl, n-heptyj, n-bctyl, n-nonyl, n-decyl or n- 
dodecyl, 5- to 7-membered cycloalkyl which in turn bear a Ce-Cio-aryl group as substituent, e.g. 
cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, cyeloheptyl, cyclooctyl, cyclononyl or 
cyclodbdecyl, C2-C 2 o-alkenyl which may be linear, gyclic or branched and in which the double 
bond may be in internal or terminal, e.g. vinyl, 1-allyl, 2 r allyl, 3-allyl, butenyl, pentenyl, 

10 hexenyl, cycloplentenyl, eyclohexenyl, cyclooctenyl or cyclooctadienyl, Ce-Czo-aryl which may 

bear further alfcyl groups and/or N- or Ocontaining radicals as substituents, e.g. phenyl, 

naphthyl, biphenyl, ajithranyt, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or 2,6-dimethylphenyl, 

. 2,3,4-, 2,3,5-,.2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-trimethylphenyl, 2-methoxyphenyl, 2-N,N- 

dimethylaihinophenyl, and arylalkyl which may bear further allcyl groups as substituents, e.g. 

«**•«• • * i* _ 

1 5 benzyl, o-, ni-, p-methylbenzyl, 1- or 2-ethylphenyl, where R may also be joined to R to fprm a 

5- or 6-membered ring and the organic radicals R^R 2 may also be substituted by halogens such 

as fluorine, chlorine or bromine. Possible radicals R 3 in Organpsilicon substituents SiR 3 3 are the 

same radicals as have been described in more detail above.for R ! -R 2 , where two R 3 may also be 

joined to fortn a 5- or 6-membered ring, e.g. trimethylsilyl, triethylsilyl, butyldimethylsilyl, 

20 tributylsilyl, triallylsilyl, tripheqylsilyl or dimethylphenylsilyl. . Preference is given to using Cr- 
Cio-alkyl such as methyl, ethyl, n-propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl. 
. and also vinyl, ally!, benzyl and phenyl as radicals R 1 and R ? . Some of these substituted ligands 
X are very particularly preferably used since they are obtainable from, cheap and readily 
available starting materials. A particularly preferred embodiment is therefore one in which X is 

25 diethylamide, methoxide* ethoxide, isopropoxide, phenoxide, naphthoxide, triflate, p- 
. toluenesulfonate, acetate or acetylacetonate. 

The number k of the ligands X depends on the oxidation state of the transition metal M. 
The number k can therefore not be given in general terms. The oxidation state of the transition 
metals M in catalytically active complexes is usually known to those skilled in the art 

30 Chromium, molybdenum and tungsten are very probably present in the oxidation state +3, 

vanadium in the oxidation state +3 or +4, However, it is also possible to use complexes whose 



LU 6079 (US) 

oxidation st^te does not correspond to that of the active catalyst. Such complexes can then be 
appropriately reduced or oxidized by suitable activators. Preference is given to using ctoomium 
complexes \h the oxidation state +3 and titanium complexes in the oxidation state 3. 

Furthermore, we have found a process for preparing cyclopentadienyl system anions of the 
5 formula (VII), 




. where the Variables have the following meanings: ■. ■ 
R 1A -R 4A : are each, independently of one another; hydrogeh, C^Qo-alky!, CVC2o-alkenyl, C 6 - 
.C2o-^uryl, alkylaryl having 'from 1 to 10 carbon atoms in the alkyl part and.6-20 
carbon atoms in the aryl pa^NR 6 ^ 
10 organic radicals R IA tR 4A may also be substituted by halogens and two vicinal . 

radicals.R 1 A -R 4A may also be joined, to form a five- or sixrmembered ring; and/or two 
vicinal radicals R 1A -R 4A are joined toformaheterocycle which contains at lea^ : 
atom from the group consisting of N, P, OandS, - 
R* A are each, independently of one. another, hydrogen, Ci-C^o-alkyl, Ci-C2o-alkenyl, (V . 

15 C20-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part arid 6-20 

parboil atoms in the aryl part and two gemirial radicals R 6A may alsd be joined to 
form a five- or six-membered ring, 
A is an unsubstitiited, substituted or ftised, heteroaromatic ring system, . 

R 4B are each, independently of one another, hydrogen, Ci-C2o-aikyl, C^C 2 o-alkenyl s C 6 - 

20 Cao-aryl, alkylaryl having fr<>m 1 to 10 carbon atoms in the alkyl part and 6-20 

; • caibdn atoms in the aryl part or SiR 3B 3, where the organic radicals R 4B may also be 

\ - . substituted by halogens and two geminal or .vicinal radicalsR 4B m^y also be joined to 
formafive-orsix-memberedringand; 
R 3B are each, independently of one another, hydrogen, Ci-<^o-alkyl, Cr-CWalkenyl, Ce- 

25 C20-aryl or alkylaryl having froip 1 to 10 carbon atoms in the alkyl part and 6-20 
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carbon atoms in the aryl part and, two radicals R 3B may also be joined to form a five- 
or six-membered ring, 
which comprises the step a) or a*), where, 

in step a), an A" anion is reacted with a fiilvene of the formula (VlUa) 




(VHI?) 



R 4 * • 
5 pr, . 
in step a 4 ), an organometallic compound R 4 ^M^X?b where 
M B is a metal of group 1 or 2 of the Periodic Table of the Elements, 

X B is halogen, CVCio-alkyl, alkoxy having from 1 to 20 carbon atoms in the alkyl part and/or 
; from 6 to 29 carton atoms in the aryl part, orR 2B and 
10 b is 0 when M B is a metal of group 1 of the Periodic Table of the Elements and is 1 when 
M B is a metal ofgroup 2 pfthe Periodic Table of the Elements, . 
is reacted with a fiilvene of the formula (Vmb): 




(Vlllb) 



where the other variables are in each case as defined above. , 
The. variables and their preferred embodiments have been described above. 
15 Fulvenes have been known for a long time and can be prepared, for example, as 

described by Freiesleben, Angew. Chem. 75 (1963), p. 576. Preference is given to one of the 
substitueiits R 438 in fiilvene (Villa) being as defined for k 1B and the other being as defined for 
R 2B or both R 4B in fiilvene (Vffla) being as defined for R 2B R 4B in fiilvene (VIKb) is preferably 
as defined for R 2B , in particular hydrogen. 
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The cyolopentadienyl system anion (VH) has the cation of the A" anion or of WpR 4B X B b 
as countercatioa This is generally a metal of group 1 or 2 of the Periodic Table of the Elements, 
which may bear further ligands. Particular preference is given to lithium, sodium or potassium . 
cations which may also bear uncharged ligands such as amines or ethers and magnesium chloride 
5 and magnesium bromide cations which may likewise bear Anther uncharged ligands, in 
particular lithium, magnesium chloride and. magnesium bromide cations. 

In M^ 4 ®?^ R 4B is preferably R IB . Such compounds are commercially available from 
FlukaAldrich or can be obtained, for example, by reacting the corresponding R 2B halide with the 
metal M B Particular preference is given to lithium alkyls having a Ci-CW-alkyl group, in 
10 particular a Ci-Cg-alkyl group. „ 

The anion A* is jusually obtained by metal-halogen exchange in the reaction of A halide 
with a metal alkyl compound containing a metal of groups 1 or 2, in particular lithium, 
magnesium chloride; or magnesium bromide cations. Examples of suitable metal alkyl 
compounds are lithium alkyls, magnesium alkyls, magnesium (alkyl) halides, or mixtures 
15 thereof. The molar ratio pf metal alkyl cqmpound to A halide is usually in the range from 0.4:1.. 
to 100:1, preferably in the range from 0.9:1 to 10:1 and particularly preferably from 0.95:1 to 
1.1:1. Examples of such reactions have been described, for example, by Furukawa et aj. in Tet 
Lett. 28 (1987), 5845. 

• i ■ 
.As solvents for the deprotonation, it is possible to use all aprotic solvents, in particular 

20 aliphatic. and aromatic, hydrocarbons such as n-pentane, n-hexane, isohe^ane, n-heptane, " 

• J isoheptane, decaliri, benzene, toluene, ethylbenzene or xylene or ethers such as diethyl ether, 

dibutyl ether, tetrahydrofuran, dimethoxyethane or diethylene glycol dimethyl ether and mixtures 

thereof The deprotonation can be carried out at from -100 to +1$0°C, in particular from -80 to 

100°C. At temperatures above 40°C; preference is given to using aromatic or aliphatic solvents 

25 which do hot contain any ether, or contain only a small proportion pf ethers, as solvent. 

The unsubstituted, substituted or fused, heteroaromatic ring system A is as defined above. 

The radicals R l * and R 23 and their preferred embodiments have likewise been described above. 

The negative charge on thQ anion AT is preferablylocated on a carbon of A" adjacent tQ a 

hetefoatom of A", in particular a nitrogen atom if 6ne is present in A". A" is preferably 2-furyl, 2- 

30 thienyl, 2-pyrrolyl, 3-isoxazolyl, 5-isoxazolyl, 3-isothiazolyl, 54sothiazolyl, 1-pyrazolyl, 3- 

pyra^olyl, 5-pyra2olyl,.2TOxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 

j. » * 

• 18 • 
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2-imidazolyl, 4-imidazolyl,' 5-imida2;olyl, 1,2,4-oxadiazoKJ-yl, l,2,4-o?^diazol-5-yl, .1,3,4- 
oxadiazol-2-yl or l,2,4-triazol-3-yl, 2-pyridinyl; 2-phosphabenzenyl, 3-pyridazinyl, 2- 
pyrimidinyj, 4-pyrimidinyl, 2-pyrazinyl, l,3,54riazin-2-yl, l,2,4-triazm-3-yl, l,2,4-triazin-5-yl ? 
l,2,4^riazin-6-yl, 2-indolyl, 74ndolyl, 2rcoumarony), 7-coumaronyl, 2-thionaphthenyl, 7- 
thionaphthenyl, 3-indazolyl, 7-indazolyl, 2-benzimidazolyl or 7-benzipiidazolyU 2-quinQlyl, 8= 
quinolyl, 3-qinnolyl, 8-pinnolyl, 1-phtlialazyl, 2-quinazolyl, 4-quinazolyl, 8-quinazolyl, 5- 
quinoxalyl, 4-acridyl, l^phenanthridyj or l-phenazyl. 

The A" anion is preferably a group of the formula (Ilia) 

1C ! 



where the variables have the following meanings. t . • 

.10 E^-E 40 are each carbon or nitrogen^ 

R ic iR 4C m independently of one another, hydrogen, Ci-C2o-alkyl, C2-C2o-alkeny1, Gs-Qh- 
aryl, alkylaryl having from 1 tQ 10 earbon atoms in the alkyl part and 6^20 carbon atoms 
in the aryl part or SiR 5C 3, where the organic radicals R^-R 40 may also be substituted by 
halogens or nitrogen or further Ci-Cao-alkyl groups, C2-C2o-alkenyl groups, C6-C?o-aryl 
15 groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl. part and 6-20 

. carbon atoms in the aryl part or SiR 5C 3 and two vicinal radicals R^-R 40 may also be 
joined to form a five- or six-membered ring, 
R*r are each, independently of one another, hydrogen, Ci-C2o-alkyl, C2-C2o-alkenyl, C6-C20- 
v h aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 

20 atoms in the aryl part and two radical^ R 5(? may also be joined to form a five- or six- 

membered ring and ■ 
p i$ 0 when E^-E 40 is nitrogen and is 1 when E^-E 40 is carbon. 

In particular, 0 or 1 E^-E 40 is nitrogen and the otters are carbon. Particularly preferred 
A" systems are 2-pyridinyl, 3-pyridaziiiyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyL, 2-quinplyl, 
25 3 -cinnQlyl, 2-quinazolyl or 4-quinazolyl. . . 
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The A" anion formed after metal-halogen exchange can be isolated or preferably be 
reacted without further isolation with.the fulvene (Villa). As solvents for the further reaction, it 
is possible to use all aprotic solvents, in particular aliphatic and aromatic hydrocarbons such as 
o-pentane, n-hexane, isohexane, n-heptane, isoheptane, decalin, benzene, toluene, ethylbenzene 
5 or xylene or ethers such as diethyl ether, dibutyl ether, tetrahydrofuiran, ahnethoxyethane or 
diethylene glycol dimethyl ether and mixtures thereof. The deprotonation can be carried out at 
from ^100 to +160°C, preferably from -80 to 100°C and particularly preferably from 0 to 60°C. 
At temperatures above 40*C; preference is given to using aromatic or aliphatic solvents which 
. contain no ether, or 'only a small proportion of ethers, as solvent. 
10 The cyclppentadienyl system anion (VII) obtained in this way can then be reacted further 

with the appropriate transition metal compound, e.g. chromium trichloride tris(tetf ahydrofuran), 
to give the corresponding monocyclopentadienyl complex (A). " .. . 

Furthermore, we have J found a process for preparing cyclopentadiene systems of the 
formula (Vila); • . 

• R 1A 

15. where.the variables have the following meanings: 

jg6A. E ioA are each carbon, where, in each case four adjacent E 6A -£ 10A form a conjugated diene 

system and the; remaining E 6A -E 10A additionally b^ars a hydrogen atom, 
R lA -R 4A are each; independently of one another, hydrogen, Ci-Qw-alkyl, C^-C2o-alkenyl, Gs- 

C ? o-aryl, alkylaryl having from 1 to 10 carbon atoms in the. alkyl part and 6-20 
20 , carbon atoms in the aryl part, m 6 \ N(SIR 6A 3)2, OR 6A , OSiR 6 \ SiR 6A 3, where the * 

organic radicals R 1A -R 4A may also be substituted by halogens and two vicinal 

radicals R IA -R 4A may also be joined to form a five- or six-membered ring, and/or two 

vicinal radicals R ,A -R 4A are joined to form a heterocycle which contains at least one 

atom from the group consisting of N, P, O and S ? 
25 Rf* are each, independently of one another, hydrogen; CyCM-alky!, Cr-Cao'-alkenyl, Cs- 

Cjo-aryl, alkylaryl having frora.1 to 10 carbon atoms in the alkyl part and 6-20 
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carbon atoms in the aryl part and two geminal radicals R 6A may also be joined to 

form a five^ or six-membered ring, 
A is an unsubstituted, substituted or fused, heteroaromatic ring system, 

R 21 ? are each, independently of one another, hydrogen, CKW-alkyl, Cr-CW-alkenyl, Q- 

CW-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 

carbon atomsin the aryl part or SiR 3B 3, where the organic radicals R 2B may also be 
. substituted by halogens and R 2B and A may also be joined to form a five- or six- 

membered ring, 

R^ B are each, independently of one. another, hydrogen, Ci-Caralkyl, Qz-rCao-alkenyl, Gs- 

Cararyl or allcylaryl having from 1 to 10 carbon atoms in the alkyl part and. 6-20 
carbon atoms in the aryl part and two radicals R 3B may also be joined to form a five- 
or sbwnembered ring, 

* which comprises the following step: 

a") reaction of an A-CR 2 ^ 20 " anion, in particular an A^CR lB R 2B " anion, with a cyclopentenone 
system of the formula (K) 




where the variables are as defined above. 

. The variables and their preferred embodiments have been described above and also apply 
in this process. Preference is given to que R 2B of the A-CR 2B R 2B " anion and thus in formula 
(Vila) being, as defined fpr R 1B . . - 

The cation of the A-C^V* anion and in particular the A-CR J % 2B " anion, is generally a 
metal of group 1 or 2 of the Periodic Table of the Elements, which may bear further ligands. 
Particular preference is given to lithium, sodium Qr potassium cations which may also bear 
uncharged ligands such as amines or ethers and magnesium chloride and magnesium bromide 
cations which may likewise bear further, uncharged ligands. 
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The, A-CR 21 ^ 2 * anion, in particular the A-CR IB R* B "~ani6iv is'usualiy obtained by 
deprotonation of A-OEt^R 28 ^ in particular A-CR 1B R 2B H. This can be achieved using strong 
bases such as lithium alky Is, sodium hydride, sodium amides, sodium alkoxides, sodium alky Is, 
potassiuiu hydride, potassium amides, potassium alkoxides, potassium alkyls, magnesium alkyls, 
5 magnesium (alky 1) halides, or mixtures, thereof. The molar ratio of base to A-CR 2 ^ 28 !! is 
usually in the range from .0.4:1 tq 100:1, preferably in the range from 0.9:1 to 10:1 and 
particularly preferably from 0.95:1 to 1.1:1. Examples of such deprotonations are described in L. 
Brandsma, Preparative polar organometallic chemistry 2* ppi 133-142. 

As solvents in the deprotonation step, it is possible to use all aprotic solvents, in 
10 particular aliphatic dnd aromatic hydrocarbons such as n-pentane, n-hexane, isohexane, n- 

heptane, isoheptane, decalin, benzene, toluene, ethy lbenzerie or xylene or ethers such as diethyl 
ether, dibutyl ether^ tetrahydrofiiran, diriiethoxyethane or diethylene glycol dimethyl ether and 
mixtures.thereof. The deprotonation can be carried out at from -100 to +160°C, in particular 
from- -80 to 100°C At temperatures above 40°C, preference is given tq using aromatic or 
15. aliphatic solvents which contain no ether, or contain only a small prpportion of ethers, as solvent. 

. The unsubst ituted, substituted or fused, heteroaromatic ring system A is as defined above 
and bears a CR 2 ^R 2 ®H grpup, in particular a qR IB R 2B H groip^ The radicals R 1B and R 2B and 
their preferred embodiments have likewise been described above. This group is preferably 
located in the ortho position relative to a heteroatom of A, in particular a nitrogen atom if one is 
: 20 present.ih. Al A-CR 2B R 2B H is preferably 2-methylfuran, 2,5-dimethylfuran, 2-ethylfiiran, l^- 
dimethylpyrfole, 1,2,3-trimethylpyrrqle, 1,3-dimethylpyrazole, 1,2-dimethylimidazole, 1-decyl- 
2-methylimidazole, l^nethyl-2-uiideQylimidazole, 2^picoline ? 2-ethylpyiidine, 2-propylpyridine, 
2-benzylpyridine, 2,6*lUtidine, 2,4-lutidine, 2,5-lutidine, 2,3-qycloheptenopyridine, 5-ethyl-2- 
methylpyridine, 2^4,6-collidine, 3-methylpyridazine, 4-methyIpyrimidine, 4,6- . 
25 dimethylpyrimidine, 2-methylpyrazine, 2-ethylpyraziAe, 2,6-dimethylpyrazine, 2,5- 
dimethylpyrazine, 2,3-dimethylpyrazine, 2,3-diethylpyrazine, tetrahydroquinoxajine, 
. tetramethylpyrazijae, quinaldine, 2,4-dimethylquinoline, 2,6-dimethylquinoline, 2,7- • 
dimethylqUinoline, 2-methy Iquihoxal ine, 2,3-dimethylquinxaline or neocuproin. 
A-CR? 8 !^ 8 !! is particulai:ly.pTef?rably a group of the formula (Hlb) 



. I,U 6079 (US) 




(1Mb) 



R 28 

where the variables have the following meanings: 
gic_g4c ^ carbon or nitrogen, 

. R^-R 40 are each, independently of one another^ hydrogen, Ci-Czo-alkyl, Qi-C2o-alkenyl, C6-C20- 
aryl, alkylaryl having from 1 to 10 carbon atoms t in the alkyl part and 6-20 carbons in 
5 the aryl part or SiR 5C 3 , where the organic radicals R^-R 40 may also be substituted by 

halogens or nitrogen or further Cr<W-alkyl groups, (^-C^alkenyl groups, Cs-Cao-aryl 
• . • groups, alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part or SiR 3C 3 and two vicinal radicals R^OR 40 orR 1 ? andR 1B 
may also be joined to form a five- or six-menabered ring, 
10 ^ 3C are each, independently of one another, hydrogen,- d-Cao-alkyl; Ca-Ciora^enyl, Ce-Qzo- 
aryl or alkylaryl. having from 1 to 10 carbon atoms in the alkyl part and 6-20 carbon 
. atoms in the aryl part and two radicals R 3C may also be joined to form a five- or six- 
membered ring, 

p is 0 when E^-E 40 is nitrogen and is 1 when E^-E 46 is carbon and • 
15 R 28 \ are each, independently of one another, hydrogen, CirC2o-alkyl> Ca-Qjo-alkenyl, C6-C20- 
aryl, alkylaryl having from 1 to.10 .caibon atoms in me alkyl part and 6-20 carbon atoms 
' in the |.aryl part or SiR 3B 3 , where the organic radicals R 28 may also be substituted by 

halogens and R 2B and A may also be joined to fonn a five- or six-membered ring, with 
.. one R 2B preferably being as defined for R 1B . 
2Q In particular, 0 or 1 E^-E 40 is nitrogen and the other? are caibon: Particularly preferred 

A-CR 2 ^ 28 !! systems are 2-picoline, 2-ethylpyridine, 2-propylpyridine, 2-benzylpyridine, 2,6- 
luudine, 2,4-hrtidine, 2,5.hitidine, 2,3-cydoheptenopyridine, 5-ethyl-2rmethylpyridrne, 2,4,6- 
coMdine, 3-methylpyridazine, 4-memylpyrimidine, 4,6-dimemylpyrimidine, 2-methylpyrazine, 
2-ethylpyrazine, 2,6-dimethylpyrazine, 2,5-dimethylpyrazine, 2,3-dimethylpyrazine, 2,3- 
25 diethyipyrazine, tetrahydroquinoxaline, tetramethylpyrazine, quinaldine, 2,4-4imethylquin0line, 
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2,6-dimethylquinoline, 2,7-dimethylquinoline, 2-methylquinoxaline, 2,3-dimethylquinoxaline or 
neocuproin. 

The A-CR 2 ^ 28 ' anion, in particular the A-CR 1B R 2B ~ anion, formed after deprotonation 
qan be isolated or preferably be reacted without further isolation with the cyclopentenone (IX). 
As solvents for the further reaction, it is possible to. use all aprotic solvents, in particular aliphatic 
and aromatic hydrocarbons such as n-pentane, n-hexane, isohexane, n-heptane, isoheptane, 
decalin, benzene, toluene, ethylbenzene or xylene or ethers such as diethyl ether, dibutyl ether, 
tetrahydrofuran, dimethoxyethane or diethy lene glycol dimethyl ether and mixtures thereof The 
reaction with the cyclopentenone (EX) can be carried out at from -100 to +160°C, preferably 
. from -80 to 100°C and partiqulafly preferably from 0 to 60°C. At temperatures above 40°C, 
preference is given to using aromatic or aliphatic solvents which contain no ether, or contain 
only a small proportion of ethers, as solvent. . 

The cyclopentenoxide formed by reaction of the A-CICPR 28 " anion witfc the 
cyclopentenone (EX) is usually protonated prior to dehydration. This can, for example, be 
\carried out by means of smalj amounts of acid,, for example HC1, or by aqueous work-up. The 
intermediate obtained in this way, Viz..a cyclopentenol, is subsequently dehydrated. This is often 
carried out with addition of catalytic amounts of acid such as HC1 or p-toluenesulfonic acid or 
iodine. Dehydration can be carried out at from AO to +160°C, preferably from 0 to 100°C and 
particularly preferably from 20 to 80°C. As solvents, it is possible to use, for example, aprotic 
solvents, in particular aliphatic and aromatic hydrocarbons such a$ n-pentane, n-hexane, 
isohexane, h-heptane, isoheptane, decalin, benzene, toluene, ethylbenzene or xylene or ethers 
such as diethyl ether, dibutyl ether, tetrahydro&ran, dimethoxyethane or diethylene glycol 
dimethyl ether and mixtures thereof. Toluene and heptane are particularly useful.. Water 
separators are often also used for dehydration. 

This method of preparing the cyclopentadiene systems (Vila) is particularly 
advantageous since it uses simple starting materials and gives good yields. The by-products 
formed (dehydration in the jexo position) can also be separated off in a simple fashion by means 
of the further reactions to the monocyclopentadienyl complex, The cyclopentadiene system 
(Vila) obtained in this way can then be deprotonated by customary methods, for example by 
means of potassium hydride or n-butyllithium, and reacted further with the appropriate transition 
metfrl compound, e.g. chromium trichloride tri$(tetrahydrofiiran), tp give the corresponding 
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monocyclopentadienyl complex (A). The by-products do not undergo any of these reactions. 
. Furthermore, the cyclopentadienyl system (Vila) can also be reacted directly with, for example, 
chromium amides to form the monocyclopentadienyl complex (A) using a method analogous to 
that described in EP-A-742 046. 
5 The monocyclopentadienyl complexes of the present invention can be used alone or 

together with further components as catalyst systems for olefin polymerization. We have, 
furthermore, found catalyst system? for olefin polymerization which comprise 

A) at least one monocyclopentadienyl complex according to the present invention, 

B) optionally an organic or inorganic support, 
10 C) optionally one of more activating compounds, 

P) optionally one or more catalysts suitable for olefin polymerization and 
£) optionally one or more metal compounds containing a metal of group 1, 2 or 13 of the 
Periodic Table. 

Thus, more than one of the monocyclopentadienyl completes of the present invention 
15 can simultaneously be brought into contact with the olefin or olefins to be polymerized. This has 
the advantage that, a wide range of polymers can be produced in this way . For example, bimodal 
products can be prepared in this fashion. 

For the monocyclopentadienyl complexes of the present invention to be able to be used in 
polymerization processes in the gas phase or in suspension, it is often advantageous for the 
20 metallocenes to be used in the form of a solid, ile. for them to be applied to a solid support B). 
Furthermore, the supported monocyclopentadienyl complexes have a high productivity. The 
monocyclopentadienyl complexes of the present invention can therefore optionally be 
immobilized on an organic or inorganic support. B) and be used in supported form in the 
. polymerization. This makes it possible, for example, to avoid deposits in the reactor and to 
25 control the polymer morphology. As support materials, preference is given to using silica gel, 
magnesium chloride, aluminum oxide, mesoporous materials, alumino$ilicates, hydrbtalcites and 
organic polymers such as polyethylene, polypropylene, polystyrene, polytetrafluoroethylene or 
• polar fiiiictionalized polymers such as copolymers of ethene with acrylic ester?, acrolein or vinyl 
acetate. ... 
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Particular preference is given to a catalyst system which comprises a ; 

monocyclopentadienyl complex according to the present invention and at least one activating. 

compound C) and further comprises a support component B). 

Tq obtain such a supported catalyst system, the.unsupported catalyst system can be 

5 reacted with a support component B). The order in which the support component B), the 

monocyclopentadienyl complex 1 A) according to the present invention and the activating 

compound C) are combined.is in principle immaterial. The monocyclopentadienyl complex A) 

Of the present invention and the activating compound C) can be immobilized independently of 

one another or simultaneously. After the individual process.steps, the solid pan be washed with 

10 suitable inert solvents such as aliphatic or aromatic hydrocarbons. 

In a preferred variant of the preparation of the supported catalyst system, at least one of 

the monocyclopentadienyl complexes of the present invention is brought into contact with at 

least one activating compound C) in a suitable solvent, preferably giving a soluble reaction - ' 

product, an adduct or a mixture. The preparation obtained in this way is then mixed with the 

15 dehydrated or passivated support material, the solvent is removed and the resulting supported . 

monocyclopentadienyl complex catalyst system is dried to ensure that all or most of the solvent 

' is removed from tlje pores of the support material. The supported catalyst is obtained as 4 freer 

flowing powder, Examples of the industrial implementation of the above process are described 

in WO 96/00243, WO 98/40419 or WO 00/05277. A further preferred embodiment comprises 

20' firstly applying the activated component C) to the support component B) and subsequently 

. bringing this supported compound into contact with the monocyclopentadienyl complex A) 

according to. the present invention. 

As support component B), preference is given to using finely divided supports which may 

be any organic of inorganic solid. Iii particular, the support component B) can be a porous • 

25 support such sis talc, a sheet silicate such as montmorillonite or mica, an inorganic oxide or a 

finely divided polymer powder (e.g. a polyolefin or a polar, functionalized polymer). 

The support materials used preferably have a specific surface area, in the range from 10 to 

1 000 m 2 /g, a pore volume in the range from 0.1 to 5 ml/g and a mean particle stee of from 1 to 

. _ * 

500 pm. Preference is given.to supports having a specific surface area in the range from 50 to 

30 • 700 m 2 /g, a pore volume in the range from 0.4 to 3,5 ml/g and a mean particle si^e in' the range 

from 5 to 350 Jim; Particular preference is given.tQ supports having a specific surface area in the 
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rang$ from 200 to 550 m 2 /g> a pore volume iq the range from 0.5 to 3.0 ml/g apd a mean particle 
size Qf from 10 to 150 urn. 

The inorganic support can be subjected to a thermal treatment, e.g. to remove adsorbed 
water. Such a drying treatment is generally carried out at from 80 to 300°C, preferably from 100 
to 200°C, with drying at from 100 to 200°C preferably being carried out under reduced pressure 
and/pr a blanket of inert gas (e.g.'nitrogen), or the inorganic support can be calcined dX from 200 
to 1 000 C in order to set, if appropriate, the desired structure of the solid and/or the desired OH 
concentration on the surface. Ttje support can also be treated chemically using customary 
desiccants such as metal aljcyls, preferably aluminum alky Is, cblofosilanes or SiCU, or else 
methyialumoxane., Appropriate treatment methods are described, for example, in WO 00/3 10?6. 

. The inorganic support material can also be chemically modified. For example, treatment 
of silica gel with NH4SiF6 or other fluorinating agents leads to fluorination of the silica gel 
surface, while treatment of silica £els with silanes containing nitrogen-, fluorine? or sulfur- 
CQntqihing groups leads to correspondingly modified silica gel surfaces. • 

Organic support materials such as finely divided polyolefin powders (e.g. polyethylene, 
polypropylene or polystyrene) can also be used and should preferably likewise be freed of 
adhering moisture, solvent residues or other impurities by means of appropriate purification and 
drying operations before use. It is also possibly to use fiinctionalized polymer supports, e.g. 
fiinctionalized supports based oh polystyrene, polyethylene or polypropylene, by whose 
functional groups, for example ammonium or hydroxy groups, at least one of the catalyst 
components can be immobilized: 

Suitable inorganic oxides as. support component B) may be found ^mong the oxides of 
. elements of groups 2, 3, 4, 5, 13, 14, 15 and 16 of the Periodic Table of the Elements. Examples 
of oxides preferred as supports include siiicpn dioxide, aluminum oxide and mixed oxides of the 
elements calcium, aluminum, silicon, magnesium or titanium and also corresponding oxide 
mixtures. Further inorganic oxides which can be used alone or in combination with the 
abovemenfioned preferred oxidic supports are;, for example, MgO, CaO, AIPO4, Zr0 2 , TiQ2, 
B2O3 or mixtures thereof: 

As solid support materials B) for catalysts for olefin polymerization, preference is given 
to using silica gels since particles whose size and structure make them .suitable as supports for 
olefin polymerization can be produced from this material; Spray-dried silica gels comprising 
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spherical agglomerates of smaller granular particles, i.e. primary particles, have been found to be 
particularly useful. The silica gels can be. dried s^nd/or calcined before use. 

Further preferred supports B) are hydrotalcites and calcined hydrotalcites. In mineralogy, 
hydrotalcite is a natural mineral having the ideal formula • 
5 • ;. *•' MiB6Al 2 (OH)i<iC03-4H ? 0 

* • 1 • • i • 

whose structure is derived from that of brucite Mg(OH>2. Brucite crystallizes in a sheet structure 
with the metal ions in octahedral holes between two layers of close-packed hydroxyl ions ? with 
only every second layer of the octahedral holes being occupied. In hydrotalcite, some 

magnesium, ions are replaced by aluminum ions, as a result of which the packet of layers gains a 

* ** ■ • " •«* 

10 positive charge. This is compensated by the anions which are located together with water of 

crystallization in the layers in between. • 

Such sheet structures are found not only in magnesium-aluminum hydrbxides, but also 

generally in mixed metal hydroxides of the formula 

15 which have a- sheet structure and in which M(H) is a divalent metal such as Mg, Zn, Cu, Ni, Co, 
Mn, Ca and/or Fe and M(III) is a trivalent metal such as Al, Fe, Co, Mn, La, Ce and/or Cr, x is * 
from 0.5 to 10 in s^eps of 0.5, A is an interstitial anion and n is the charge pn the interstitial anion 
wh^ch'can be frpm 1 to 8, usually from 1 to 4, and z is at* integer from 1 to 6, in particular from 2 
to 4. Possible interstitial anions are organic anions such as alkoxide anions, alkyl ether sulfates, . 

20 aryl ether sulfates or glycol ether sulfates, inorganic anions such as, in particular, carbonate, 
hyjirbgencarbbnate, nitrate, chloride, sulfate qt B(QBt>4 or polyoxo metal anions such as 
MotOm 6- ^ or V10O28*". However, a mixture* of a plurality of such aniens can also be present. 

* ' Accordingly, all such mixed metal hydroxides having a sheet structure should be 
regarded as hydrotalcites for the purposes of the present in v<?qti6n. 

25 Calcined hydrotalcites can be prepared from hydrotalcites by calcination, i.e. heating, by 

means of which the desired hydroxyl group content can be set. In addition, the crystal structure 
also changes. The preparation of the calcined hydrotalcites used according to the present 
invention is usually carried out at temperatures above 1 80°C. Preference is given to calcination 
for from 3 to 24 hours at from 250°C to 1 000°C, in particular frpm 400°C to 700°C. It is 

30 possible fof air or inert gas to be passed over the solid during calcination or for a vacuum to be 
applied. . ... 

' '28 • ' : 
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On heating, the natural or synthetic hydrotalcites firstly give off water, i.e. drying occurs. 
On further heating, the. actual calcination, the metal hydroxides are converted into the metal 
oxides by ehmination of hydroxyl groups and interstitial anions; OH groups or interstitial anions 
such as carbonates can also still be present in the calcined hydrotalcites. A measure of this is the 
5 loss on ignition. This is the weight loss experienced by a sample which is heated in two steps, ^ 
firstly for 30 minutes at 200°C in a drying oven and then for 1 hour at 950?C in a muffle furnace. 

The calcined hydrotalcites used as component B) are thus miked oxides of the divalent 
and trivalent metals Mfll) and M(fflX with the molar ratio of M(H) to M(HD generally being in 
the range from 0.5 to 10, preferably from 0.75 to 8 and in particular from 1 to 4. Furthermore, 
10 normal amounts of impurities, for example Si, Fe, Na, Ca or Ti and also chloride? and sulfates, 
can also be present. 

Preferred calcined hydrotalcites B) are mixed oxides in which M(H) is magnesium and . 
M(m) is aluminum Such aluminum-magnesium mixed oxides are obtainable from Condea 
ChemieGmbH (now Sasol Chemie), Hamburg, under the trade name PuraloxMg. 
15 Preference is also given to calcined hydrotalcites in which the structural transformation js 

complete or virtually complete. Calcination, i.e. transformation of the stracture, can be 
. confirmed; for example, by means bfX-ray diffraction patterns. 

The hydrotalcites, calcined hydrotalcites or sUica gels employed are generally used as 
finely divided powders having a mean particle diameter d 50 of from 5 to 200 urn, preferably from 
20 10 to 1 50 urn, particularly preferably from 15 to 100 urn and in particular from 20 to 70 urn, and 
usually have pore volumes of from 0.1 to 10 cm 3 /g, preferably from 0.2 to 5 cm 3 /g, and specific 
surface areas of from 30 to 1 000 m 2 /g, preferably from 50 to 800 m 2 /g and in particular from 
100 to 600 m 2 /g. The monocyclopentadienyl complexes of the present invention are preferably 
applied in such an amount that the concentration of monocyclopentadienyl complexes in the 
25 finished catalyst system is from 5 to 200 umoj, preferably from 20 to 100 umol and particularly 
preferably from 25 to 70 umol, per g of support B). 

Some of the monocyclopentadienyl complexes of the present invention have little 
" . polymerization activity on their own and are then brought into contact with an activator, viz. the 

componentC),tobeabletodisplaygoodpolymerization For this reason, the catalyst 

30 system optionally further comprises, as component C), one or more activating compounds, 
preferably at least one cation-forming compound C). 

• - " 29 . ' . 
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Suitable compounds C) which are abie to react with the monocyclopentadienyl complex 
A) to convert it into acatalytically active, or more active, compound are, for example, 
compounds such as an aluminoxane, a strong uncharged Lewis acid, an ionic compound having a 
Lewis acid cation or an ionic compound containing a Brdnsted acid as cation. 

As aluminoxanes, it is possible to use, for example, the compounds described in WO 
00/31090. Particularly useful aluminoxanes are openrchain or cyclic aluminoxane compounds of 
the formula (X) or (X0 

R 1 * " 

AI-{-0 AI-4— R 40 (X) 

f .1 ' 



30 



ft 

L-IO— AQi 1 &*) 

where R 1D -R 4D are each, independently of one another, a Cj-Cs-alkyl group, preferably a methyl, 
ethyL butyl or isobutyl group, and Us an integer from 1 to 30, preferably from 5 
10 to25. ' 

' % A particularly useful aluminoxane compound is methylaluminoxane. 

These ougomeric aluminoxane compounds are usually prepared by controlled reaction of 
' a solution oftrialkylaluminum with water. In general, the oligomeric aluminoxane compounds 

obtained in this way are in the form of mixtures of both linear and cyclic chain molecules of 
15 various lengths, so that l is to be regarded as a mean, the aluminoxane compounds can also be 
present in admixture with other' metal alkyls* usually aluminum alkyls. Aluminoxane 
preparations suitable as component C) are commercially available. 

Furthermore, modified aluminoxanes in ^hich some of the hydrocarbon radicals have 
been replaced by hydrogen atoms or alkoxy, aryloxy, siloxy or amide radicals can also be used as 
20 component C)in place of the aluminoxane compounds of the formula (X) or (XT). 

It has been found to be advantageous to use the monocyclopentadienyl complexes A) and 
the aluminoxane compounds in such amounts that the. atomic ratio of aluminum from the 
aiiiminoxane compounds including any aluminum alkyl still present to the transition metal from 
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. *. the monocyclopentadienyl complex A) is in the range from 1:1 to 1 000:1, preferably from 10:1 
to 500:1 and in particular in the range from 20:1 to 400:1. 

A further class of suitable activating components G) are-hydroxyaluminoxanes. These 
can be prepared, for example, by addition of from 0.5 to 1.2 equivalents of water, preferably 
5 from 0,8 to 1 .2 equivalents of water, per equivalent of aluminum to an alkylaluininunV 

compound, in particular triisobutylaluminum, at low temperatures, usually below 0 6 £. Such 
compounds and their use in olefin polymerization are described; for example, in WO 00/24787. 
. The atomic ratio of aluminum from the hydroxyalumirtfoxane compound to the transition metal 
from the monocyclopehtadienyl complex A) is usually in the range from 1:1 to 100:1, preferably 
* 10 from 10:1 to 50:1 and in particular in the range from 20:1 to 40:1. Preference is given to using a 
monocyclbpentadienyl metal dialkyl compound A). , 

As strong, uncharged Lewis acids, preference is given to compounds of the formula (XII) 
M™xV>X 2T> X 3J> ' (XH) 

15 M 2 ? is an element of group 13 of the Periodic Table of th6 Elements, in particular B, 

Al or Ga, preferably B, 

X ld , X 2D and are each hydrogen, Ci-Cio-alkyl, Ce-Cis-aryl, alkylaryl, arylalkyl, hajoalkyl or 
.* haloaryl each having from 1 to 10 <?arbon atoms in the alkyl radical and from l 6 to 
20 carbon atoms in the aryl radical or fluorine, chlorine, bromine or iodine, in 
20 particular haloaryls, preferably pentafluorophetiyl. 

Further examples of strong, uncharged Lewis acids are given in WO 00/3 1090. 
Compounds of this type which are particularly useful as component C) are boranes and . 
bproxins such as trialkylborane, triarylborane or trimethylbofo*in. Particular prefdrente is given / 
to using boranes which bear at least two perfluorinated aryl radicals. Particular preference is 
25 given to compounds of the formula (XH) in which X ,D , X 20 and X 3p are identical, preferably 
• triisQ)entaxluorophenyl)borane. , 

Suitable compounds C) are preferably prepared by reaction of aluminum or boron 
compounds of the formula (XII) with water, alcohols, phenol derivatives, thiophenol derivatives 
or aniline derivatives, with halogenated and especially perfluorinated alcohols and phenols being 
' 30 ' of particular importance. Examples of particularly useful compounds are pentafluorophenol, 1,1- 
bis(pentafluorophenyl)methanol and ^hydroxy^'^.S'Afl'.S.S'Ae'-nonafluorobiphenyl. 



LU 6079 (US) 



0 



15 



Examples of combinations of compounds of the formula (XH) wjthBrOnsted acids are, in 
particular, trimemylalummu^ 

bis(pentafluorophenyl)metbinol trimemylalinmnum/4-hydroxy-2,2 , ,3,3' ,4,4*,5,5',6,6'- 
nonafluorobiphenyl, triethylaluminum/pentafluorophenol and 

tri^obutylaluinmum/pentafluorophenol and triethylaluminuW4 > 4'^mydroxy-2;2',3,3',5,5',6 > 6'- 

octafluorobiphenyl hydrate. * v 

In further suitable aluminum and boron compounds of the formula (XII), Jt- is an OH 
group. Examples of compounds of this type are boronic acids and borinic acids, in particular 
: bdrinic acids having perfmorinated aiyl radicals, for example (C«Fs)2BOH. 

Strong uncharged Lewis acids suitable as activating compounds C) also include the 
'reaction products of a boronic acid whhtwo eqmvalenfsof an aluminum trialkyl or ^ 
products of an aluminum trialkyl with two equivalents of an acidic fmorinated, in particular 
perfiuorinated, hydrocarbon compound such as pentafluof ophenol or 
bis(pentafluorophenyl)borinicacid. 

Suitable ionic compounds having Lewis-acid cations include sah-like. compounds of the 

cation of the formula (Xm) 

[((M^QiQ^Qd 4 - (xra> 



where 
QitoCfe 



is an element of groups 1 to 16 of the Periodic Table of pie Elements, 
20 ■QjtoQz ar e singly negatively charged groups such as Ci-C^-alkyl, Cs-Os^iyl, alkylaryl, 
arylaikyl, haloalkyl, haloaryl each having from 6 to 20 carbon atoms in the aryl 
radical and from 1 to 28 carbon atoms hi the alkyl radical, Cs-Cjo-cycloalkyl 
which may bear CirCio-alkyl groups as substituents, halogen, Ci-C 2 rsuk°xy, Ce- 
. Ci5-arylo*y,silyl or mercaptyl groups, . 
25. a." : is ah integer .from 1 to 6 and J 

. . z is an integer from 0 to 5, 

d ' corresponds to the difference a-z, but d is greater than or equal to 1 . 

Particularly useful cations are carbonium. cations, oxomum cations and sulfonium cations 
and also cationic transition metal complexes. Particular mention may be made of the 
.30 triphenylmethyl cation, the silver cation and the 1,1'Humethytferrocenyl cation.. They preferably 
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have noncoordinating counterions, in particular boron, compounds as are also, mentioned in WO 
91/09882, preferably tetraids(pentafluorophenyl)borate. 

Salts having noncoordinating anions can also be prepared by combining a boron or 
aluminum cdmpound, e.g. an aluminum alkyl, with a second compound which can react to link 
5 two or more boron or aluminum atoms, e.g. water, and a third compound which forms an 

ionizing ionic compound with the boron or aluminum compound, e.g. triphenylchloromethane, 
. or optionally a base, preferably an Organic mtrogen-containing base, for example an amine, an 
aniline derivative or a nitrogen heterocycle. In addition, a fourth compound which likewise 
reacts with the boron or aluminum compound, e.g. pentafluorophenol, can be added. 
1 o ionic compounds containing Bronsted acids as cations preferably likewise have 

noncoordinating counterions. As Bronsted acid, particular preference is given to protonated 
amine or aniline derivatives. Preferred cations are N,N-dimethylanilinium, N,N- 
. dimethylcyclohexylammonium and N,N-dimethylbenzylammonium and *dso derivatives of the 
lattertwo. 

15 Compounds containing anionic boron heterocycles as are described in WO .97/36937 are 

. also suitable as component C), in particular diiRethylanUinium boratabenzene Or trityl 
boratabenzene.. 1 

Preferred ionic compounds C) contain borates which bear at least two perfluorinated aryl 
- radicals. Particular preference is given tq N,N-dimethylanilinium 
20 t^rakis(pentafluorophenyl)borate and in particular N,N-dimethylcyclohexylammonium 
t6trakis(pentafluorophenyl)bprate^ N^-dimethylbenzylammonium 
tetnjds(pentafluorophenyl)borate or trityl tetrajdspentafluorophenylborate. 

It is also possible for two or more borate anions and/or boranes to be joined to one 
another or a borate anion to be joined to a borane, as in the dianion [i(C6F5)2B-C6F4-B(C6F5)3] 2 \ 
25 the* anion [(C6F 5 )3B-CN-B(C6F5)3L or the borate aniori can be bound to the support surkce via a 
• bridge bearing a suitable functional group. 
... Further suitable activating compounds C) are listed in WO 00/3 1090. 

The amount of strong, uncharged Lewis acids, ionic compounds having Lewis-acid 
cations or ionic compounds containing Brdnsted acids as cations is preferably from 0. 1 to 20 
30 equivalents, more preferably fix>m 1 to 10 equivalents, based on the monocyclopentadienyl 
■ complex A). 
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Suitable activating compounds C) also include boron-aU^ninum compoxuids such ais 
di[bis(pentafluoTophenyl)botpxy]methy lalane: Examples of such boron-aluminum compounds 

are those disclosed in WO 99/06414- . 

r It is also possible to use mixtures of all the abovementidned activating compounds C). 
5 Preferred mixtures comprise aluminoxanes, in particular methylaluminoxane, and an ionic 
■ compound, in particular one containing the tetiakis<jientafluorophenyl)borate anion, and/or a 
strong uncharged Lewis acid, in particular tris(pentafluorophenyI)borane. 

Both the monocyclopentiadienyl complexes A) and the activating compounds C) are 
preferably used in a solvent, preferably an aromatic hydrocarbon haying from 6 to 20 carbon 
10 atoms, in particular xylenes, toluene, pentane, hexane, heptane or a mixture thereof. 

A further possibility is to use an activating compound C) which can simultaneously be 
employed as support B). Such systems are obtained, for example, from an inorganic oxide by 
treatment with zirconium alkoxide and subsequent cMdrination, for example by means of carbon 
tetrachloride. The preparation of such systems is described, for example, in WO 01/41 920. 
15 • A likewise broad product spectrum can beachieved by use of the monocyclopentadienyl 
; complexes A) of the present, invention in combination with at least one further catalyst D) which 
■ is suitable for the polarization of olefins. It is therefore possible to use one or more catalysts 
. smtable for olefin polymei^o^ Possible 
: catalysts D) are, in particular, classical Ziegler-Natta catalysts based on titairium and classical 
20- Phillips catalysts based pn chromium oxldes. : 

• .'. Possible components D) are m principle all compounds oftransitionmetabbfgroups 3 to. 
12 of the Periodic table or, the Ianthanides which contain organic groups and preferably form 
active catalysts for olefin polymerization after reaction whh. the components C) in the presence 
of A) and optionally B) and/or E). These are usually compounds in which at least one 
25 monodentate.or polydehtate ligand is bound to the central atom via a sigma or pi bond.. Possible 
ligands include both ligands containing cyclopentadienyigrdups and ligands which are free of . 
cyclopentadienyl groups. A large number of such compounds P) suitable for olefin 
polymerization are described in Chem. Rev. 2000, vol, 100, No. 4. Furthermore, multmuclear 
cyclopentadienyl complexes are also suitable for olefin polymerization 
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Particularly well-suited components P) include compounds having at least one . 
cyclopentadienyl ligand, which are generally referred to as metallocene complexes. Particularly 
useful metallocene complexes are those of the formula (XIV) 




(XIV) 



where the substituents and indices have the following meanings: 

M 1E is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, 

molybdenum or tungsten, or an element of group 3 of the Periodic Table and the 

lanthanides, . 

X E is fluorine, chlorine, bromine, iodine, hydrogen, Ci-Cio-alkyl, ei-Qo-alkenyl, C 6 - 

. Cis-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and from 6 to 

20 carbon atoms in the aryl part, -OR 6 * 1 or -NR^R 76 , or two radicals X E form a 
' substituted or unsubstituted diene ligand, in particular a 1,3-diene ligand, and the 
radices X E are identical or different and may be joined to one another, 
E 1E -E 5E are each carbon or not more than one E ,E to E 5E is phosphorus or nitrogen, preferably 

■carbon, ••*_..-"'■' 
t is 1, 2 or 3 and is such that, depending on the valence of M lE , the metallocene 

complex of me formula (XIV) is uncharged, . 

where ,' 
R 6 * and R 78 are each Ci-Cio-alkyJ, Ce-Cs-aryl, alkylaryl, arylalkyl, fluoroalkyl or fluoroaryl, 

each having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 carbon 

atoms in the aryl radical, and 
R IE to R 5E are each, independently of . one another, hydrogen, d-Caa-alkyl, 5- to 7-membered 

cycloalkyl or cycloalkenyi which may in turn bear Ci-Cio-aDcyl groups as 

substituents, Ci-Ca-alkenyl, OCn-aryl, arylalkyl having from 1 to 16 carbon atoms 
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in the alkyl part and 6-21 carbon atoms in the aryl part, 1MR 8E 2, NCSiR^k OR 8E 
OSiR 8E 3, SiR^s, where the organic radicals R 1E -R? E may also be substituted by 
halogens and/or two radicals R^-R^, in particular vicinal radicals, may also be 

IE 

joined to form a five-, six- or seveiwnembered ring, and/or two vicinal radicals R - 
R 515 may be joined to form a five-, six- or seven-membered heterocycle which 
contains at least one atom from the group consisting of N, P, O and S, where 

r 8E can be identical or different and are each Ci-Cio-alkyl, C 3 -C 10 -cycloalkyl, Ce-Cis- 

aryl, Ci-C 4 -alkoxy or Ce-Cio-aiyloxy and 

Z 1E is as defined for X E or is 




10 where the radicals , 

R* to R I3E are each, independently of one another,, hydrogen, Cr-C 2 2-alkyl, 5- to 7-membered 
cycioalkyl or cycloalkenyl which may in turn bear Ci-Cio-alkyl groups as 
; . •" substhuents, Ca-Cja-alkenyl, Cfi-C^^aryl, aryWkyl havmg from 1 to 16 caibon atoms 

in the alkyl part and 6-21 carbon atoms in the aryl part, NR 14E 2 , N(SiR 14E 3)2, OR , 
15. •" OSiR ,4E 3, SiR 14 \ where the organic radicals R 9E -R 1?E may also be substituted by 

halogens and/or two radicals R 9E «-R 13E , in particular vicinal radicals, may also be 
' joined to form a five-, six- or seven-membered ring, and/or two vicinal radicals R - 
' R 13E may be joined to form a five-, six- or seven-membered heterocycle which 
contains at least one atom from the group consisting of N, P, O and S, where 
20 R l4E . • are identical or different and are each Ci-Cio-alkyl, Cs-Cw-cycloalkyl, Ce-Cis^aryl, 
.Ci-C 4 -alkpxy or Cfi-Cio-aryloxy, .. 
. e 6E_ e ioe ^ ^ carton or no t more than one E 66 to &f is phosphorus or nitrogen, 

. preferably carbon, . 
or the radicals R 4E and Z 1E together form an tR* 5 W e - group 
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in which 
R 15E is 



R 16E R «E R 1S6 R «E 

I I .1 



M 2E — , • M 25 M 2 ?— CR 2 ,8E - 

I .. I I- I 

R 17fe ;. r1 7E- R 17E R 17E 



R t6E R ,6E R*« R ,6E 

F . L i I 

c — • — 6 — M — . — c — c — 



I I 



0 7E R 17E R ,7E r1 7E 



Q 16E- B 16E o 16E D 16E 0 16E P 16E 

? T ? L T 



^7E R 17E Rl 7E R " E R 17E 

=BR l * E , ^BNR 16 ^ 176 , =AIR 1<iE ) r Ge-, -Sn-, -O-, -S-, =SO, =SO?, =NR 16E , =CO, =PR 16E or ; . 
=P(0)R^, 
5 • where ■ 

R 16E R 17E and R l8E 'are identical or different and are each a hydrogen atom, a halogen atom, a 
trimethylsilyl group, a QrCioralkyl group, a d-Cio-fluoroalkyl group, a Ce-Cur 
fluoroaryl group, a C 6 -Ci6-aryl group, a Ci-Cw-alkoxy. group, a C 7 -Cis-alkylaryloxy 
group,' a CVCiiralkenyl group, a CT-C-w-arylalkyl group, a Cg-C^-arylalkenyl group 
10 or a Oj-Cw-alkylaryl group or two adjacent radicals together with the atoms 

connecting them form a saturated or unsaturated ring having from 4 to 15 carbon ' 
atoms,, and 

M 25 is silicon, germanium or t|n, preferably silicon, 
- A 1E is O , S— V^NR 18E ,^ PR 18E ,=0. =S,.=NR 196 . — O — R ,8E . 
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-NR I9E 2 , -PR WE ? or an unsubstituted, substituted or fused, heterocyclic, ring system, 

< • . - ■ • • .-• • 

where 

" . r 19 P are each, independently of one another, Cr-Cio-alkyl, Cg-C^aiyl, e 3 -Cw-cycloalkyl, 

Cr-Cjs-alkylaryl or SiCR 20 ^, 
5 R 206 is hydrogen, Ci-C w -alkyl,. Cs-Cis-aryi which. pay in turn bear d-C 4 -alkyl groups as 

• substhuents or C3-Cio-cycloalkyl; 
v is 1 or when A 1E is an unsubstituted, substituted or fused, heterocyclic ring system 

may also be 0, 

or the radicals R 4E and R 12E together form an -R 15E - group. 

10 A 1E together with the bridge R ,5E can, for example, form an amine, ether, thioetheror 

phosphine. However, A lE may also be an unsubstituted, substituted or fused, heterocyclic 
aromatic ring system which can contain heteroatoms from the group consisting Of oxygen, sulfur, 
nitrogen and phosphorus in addition to carbon atoms in the ring. Examples of five-membered 
heteroaryl groups which can contain from one to four nitrogen atoms and/or a sulfur or oxygen 

15 atom as ring atoms in addition to carbon atoms are 2-furyl, 2-thienyl, 2-pyrrolyl, 3-isoxazolyl, 5-, 
isoxazolyl, 3-isothiazolyl, 5-isothiazoryU 1-pyrazoryl, 3-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4- 
oxazolyl, 5-oxazolyl,'2-thiazolyl, 4-thiazqlyl, 5-thiazolyl, 2-imidazolyl, 4-imidazplyi, 5- 
imidazolyl; l,2,4^xadiazol-3^yl, l,2,4-oxadiazol-5-yl, l,3,4-oxadiaz0l-2-yl or l,2,4-triazol-3-yl. 
Examples of 6-membered heteroaryl groups, which can contain from.one to four nitrogen atoms 

20 and?6r a phosphorus atom, are 2-pyridinyl, 2-phosphabenzolyL, 3-pyridazjnyl, 2-pyrimidinyl, 4- 
pyrimidinyl, 2-pyrazinyl, l,3,5-triazin-2-yl and j;2,4-tria?in-3-yl, l,2,4-triazin-5-yl and 1,2,4- 
triazih-6-yl. The 5-membered and 6-membered heteroaryl groups can also be substituted by Ci- 
Cio-alkyl, C s -CioTaryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-10 
carbon atoms in the aryl part, trialkylsilyl or halogens such as fluorine, chlorine .or bromine or be 

25 • fused with one or more aromatics or heteroaromatics. Examples of benzo-fused 5-membered 
heteroaryl groups are 2-indo|yl, 7-indolyl, 2-coumaronyl, 7-coumaronyl, 2-thianaphthenyl, 7- 
thianapmhenyl, 3-indazolyl, 7^indazolyl, 2-benzimidazolyl and 7-benzimidazoiyl. Examples of 
benzo-fused 6-membered heteroaryl groups are 2-quinolyl, 8-quinplyl, 3-cinnolyl, 8-cinnolyl, 1- 
phthalazyl, 2-quin?zolyl, 4-quinazolyl, 8-quiniazolyl, 5-quihoxalyl, 4-acridyl, J-phenanthridyl 
30 and 1-phenazyl. gaming and numbering of the heterocycles has been taken from JL Fieser and 1 
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M Fieser, Lehrbuch der roganischen Chemie, 3rd revised edition, Verlag Chemie, Webmeim 
1957: 

. It is preferred that the radicals X E in the formula (XIV) are identical, preferably fluorine, 
chorine, bromine, Ci-CValkyl or aralfcyl, in particular chlorine, methyl or benzyl. 

The synthesis of such complexes can be carried out by methods known per se, preferably 
by reaction of the appropriately substituted, cyclic hydrocarbon anions with halides of titanium, 

zirconium, hafnium or chromium. 

. Among the metattocehe complexes of the formula (XIV), preference is given to 
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M 1 ^ 



(XlVd). 



Among thecompouiids of th6 formula (XlVa), particular preference is given to those in 

which • • \ . 

M 1E is titanium, vanadium or chromium, 

X E id chlorine, Ci-C 4 ~alkyl, phenyl; alkoxy or atyloxy, V . 

5 .. t . is lor 2 and \ *• : '* 

R 1E toR* E are, each hydrogen or Ci-d 6 -aikyl or two adjacent radicals R 1E to R 5E form a 
: - substituted or unsubstituted benzp gr'oup^ 
Among the compounds of the fortnula (XiVb)i preference is given to those in wh^ 
M l£ i? titariium, zirconium, vanadiu% hdfeium or chrdmium, 

\0 x E . is fluorine, 'chlorine, CirC 4 -^Ufyl or benzyl, or two radices 
un^ubstituted butadiene ligand, 
t ' is 0 in the case of chromium, otherwise 1 or 2, preferably 2, 

. R 1B to R ?E are each hydrogen, C,HC 8 -aHcyt t^*«yt NR"\ OSiR 8 ^ or Si(R 8E )3 and 
' R* E to R 13E areeach hydrogen, Ci^g-aikyi or C^CyS^NR 1 ** OSiR* 4E 3 or Si(R 14E >3 
15- or two radicals R 1E to R 5E aid/or R 9E to R 13E together with the C 5 ring form an indenyl or 
substituted indenyl system. ' .. . .. ... 

• The compounds of the formula (XTVb) in which the cyclopentadienyl radicals are 
identical are particularly useful. 

Examples of particularly useful compounds D) of Ae foimula pCTVb) include: 
20 \ bis(cyclopentadienyl)zirqonium dichloride, bis(peritamethylcyclopentadiehyl)iirconium 
' ' dichloride; bis(methylcyclopentadienyl)2kto^ 
r bis(e^ylcyclopentadienyl)zirconium dichloride, bis(h-butylcyi&lopentadienyl)zirconium , 

dichloride^ bis(l-n-butyi-3-methyicyc^ dichloride, bis(indenyi)zirconium 

. dichloride, bisCteti-ahydroindenyOarconium dichloride and^ *. 
25 bis(trimethylsilylcyciop 
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and also the corresponding dimethylzirconium compounds. 

Particularly useful compounds of the formula (XTVc) are those in which 

R 1SE is 



IE 



,16E 



Si 
I 



pr 



>17E 



R 16E R 16E 
I" I - 

c — c- 

I I 



>17E 



or -BR' 6E or =BNR 1&B R 17E , 
" is titanium, zirconium or hafnium, in particular, zirconium, and 
are identical or different and are eaoh chlorine, C v-C^alkyl, benzyl, phenyl or C 7 - 
,Ci5-alkylaryloxy. 

Particularly useful compounds of the formula QHVo) are those of the formula (XfVc') 




(WVC). 



where 



the radicals R' are identical or different and are each hydrogen, Ci-Cio-aUcyi or C3-C10- 
cycloalkyl, preferably methyl, ethyl isopropyl or .cyclohexyl, C 6 -C 2 o-aryl, preferably phenyl, 
naphthyl or mesityl, C7-C4o-arylalkyl, Cv-C^alkylaryl, preferably 4-tert-buiylphenyl or 3,5-di 
tert-butylphenyl, or Cs-C-w-arylalkenyl, . 
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R 5B and R 13E are identical or different and ars each hydrogen, CrC 6 -alkyl, preferably 
methyl, ethyl, isopropyl, n-propyl, n-butyl, n-hexyl or tert-butyl, 

and the rings S and T may be identical or different and saturated, unsaturated or partially 
saturated. 

5 . The indenyl or tetrabydroindenyl ligands of tfce metallocerjes of the formula (XIV c') ace 

preferably substituted in the 2 position, the 2,4 positions, the 4,7 positions, the 2,4,7 positions* 
the 2,6, positions, the 2,4,6 positions, the 2,5,6 positions, the 2,4,5,6 positions or the 2,4,5,6,7 
positions, in particular in the 2,4 positions, with the following numbering applying to the site of 
substitution: 




10 . .. Furthermore, preference is givea to using bridged bis-indenyl complexes in the rac or 
pseudo-rac form as component D). The term "jpseudo-rac form" refers to complexes in which 
the two indenyl ligands are in the rac arrangement relative to one another when all other 
•„ substituents of the complex are disregarded. 

Further examples of particularly useful catalysts D) (XIVc) and (XTVc*) include: 
.15 dimethylsilanediylbis(cy^ 

* •* * * *. • 

dittiethylsilanediylbis(indenyl)zirconium dichloride, 

4imethylsilanediylbis(tetr^ dichloride, 

ethylenebis(cyclopentadienyl)zircbnium dichloride, ethytehebis(iiidenyl)zirconium dichloride, 
ethylenebis(tetrahydroindenyl)zirconium dichloride, ted^methylethylene-9- 
• 20 fluorenylcyclopentadienylzircomum dichloride, dimethyilsilaned.iylbis(3-tert-butyl-5- 
methylcyclopentadienyl)zirconium dichloride, dim6thylsilanediylbis(3-tert-butyl-5- 
ethylcyclopentadienyi)zirconium dichloride, dimethylsilanediylbis(2-methylindenyl)zirconium 
dichloride, dimethylsilanediylbis(2-isopropylindenyi)zirconium dichloride, . 
. dimethylsilanec^ylbis(2-tert-butylindenyl)zirconium dichloride, diethylsilanediylbis(2- 
25 methylindenyl)zifconhim dibromide, dimethylsilanediylbis(3-methyl-5- 

. me^lcycfopentadienyl)2arcoiuum dichloride, dimethylsilanediylbis(3=ethyl-5- 

42 . . • 
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isopropylcyclopentadienyl)zirconium dichloride, dimethylsilanediylbis(2-ethyUndenyJ)zirconium 
dichloride, dimethylsilan^iylbis(2rmethyW,5-ben^denyl)arconium dichloride, 
dimetfiyl^anediylbis(2-ethyl-4,5-beiv^ dichloride, 
methylphenylsilanediylbis(2-methyM,5-ben2indenyl)zkcoi»um dichloride, 
5 methylphenylsilane%lbis(2^yU4,5-ben?indenyl)arconium dichloride, 

diphenylsilanediylbis(2-methyM,5-beozindenyl)zirconiuin dichloride, diphenylsilanediylbis(2- 
ethyl-4,5-benzindenyl)zirconium dichloride, diphenylsijanediylbis(2-methylindenyl)hafiiium 
dichloride, dimethylsilanediylbis(2-methyM-phenylindenyl)zircoiuum dichloride, 
dimethylalanediylbis(2-ethyl-4-phenylindenyl)zirconiuin dichloride, dimethylsihwediylbis(2- 
10 methyl-4-(l-naphthyl)indenyl)zirconium dichloride, dimethylsilanediylbis(2-ethyl-4-(l- 
napfrthyl)indenyl)zirconium dichloride, dimethylsUanediylbis(2-propyl-4-(l- 
' naphdiyl)indehyl)zirconium dichloride, dimethylsilanediylbis(2-i-butyl-4-(l- 
naphthy l)indenyl)zirconium dichloride, ditnethylsilanediylbis(2-propyl-4-(9- 
phenanthryl)indetiyl)zirconium dichloride, dimethylsilanediylbis(2-raethyl r 4- 
15 isopropylindenyl)zirconium dichloride, dimethylsilanediylbis(2,7-dime!thyl-^ 
isppropylindenyl)zirconium dichloride, dimethylsilanediylbis(2-inethy 1-4,6- 
diisopropyliodenyl)zirconium dichloride, dimethylsilanediylbis(2-methyl-4[p- 
trifluoromethylphenyl]indenyl)zirconium dichloride, dimethylsilanediylbis(2-methyl-4-[3?,5'.T 
dimethylphenyl]indenyl)zireonium dichloride, #methylsilanediylbis(2-methyl-4-[4Mert- 
20 butylphenyl]indenyl)zirconium dichloride, diethylsilanediylbis(2-methyl-4^[4'-tat- 
, butylphenyliindenyl)zirconium dichloride, dimethylsilanediylbis(2-ethyl-4-[4'-tert- 
bvtylphenyl]indenyl)zircoiiium dichloride, dimethylsilanediylbis(2-propyl-T4-[4 , -tert- 
butylphenyl]tndenyl)zirconium dichloride, dimetlqflsilaiiediylbis(2-isopropyl-4-[4'-tert-: . 
butylphenyl]indenyl)zirconium dichloride, dimethylsilanediylbis(2-h-butyl-4*[4 , -tert^ 
25 butylphenyl]indenyl)zirconium dichloride, dimethylsilanediyIbis(2-he7qrl-4-[4'-tert- 

butylphenyl]indenyl)zirconium dichloride, dimethylsilanediyl-(2-isopropyl-4-phenyli|idenyl)(2- 
methyl^4-phenylindenyl)zirconium dichloride, dimethyisilanediyl(2-isopropyl-4-(l- 
naphthyl)indenyl)(2-^ethyl-4-(l-naphthyl)inde»yl)zirconm dichloride, dimethylsilanediyl(2- 
isopropyl)-4-[4 , -tert-butylphehyl]indenyl)(2-methyl^[4 , -tert-butylphen^ 
30 dichloride, dtoethyisilanediyl(2-isopropyl^[4Me 

butylphenyl]indenyI)ztrcoiuuin dichloride, dimethylsilanediyl(2-is6propyl-4-[4 > -tert^ - 
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butylphenyl]indenyl)(2-me^yl^[3%5'-bis-tert-butylphenyl]indenylzk 
dim<^ylsilanediyl(2-isopropyl^^ 

naphthyl]indenyl)zirconium dichloride and ethylene(2-isopropyl-4-[4'-tert- 
butylphenyl]indenylX2-methyl^[4^ dichloride, and also the 

5 corresponding dimethylzirconium, zirconium monochloride morio(alkylaryloxide) and zirconium 
di(alkylaryl6xide) compounds. The complexes are preferably used in the rac form. 

Such complexes can be synthesized by methods known per se, preferably by reaction of 
• die appropriately substituted, cyclic hydrocarbon anions with halides of titanium, zirconium, . 
hafnium, vanadium, niobium, tantalum or chromium. Examples of appropriate preparative 
10 methods are described, inter alia, in Journal of Qrganometallic Chemistry, 369 (1989), 359-370. 
Particularly useful compounds of the formula (XlVd) are those in which- ' 
M 1E . is titanium or zirconium, in particular, titanium, and 

X E is cMorine,Ci-C 4 -alkyl or. phenyl ot . = 

unsubstituted butadiene ligand, 



15 R 15E is 



• : R 16E .. R 16E R 16E 



klE 



— ' SI- or — C — C 't 

, I' •• "• I I. 

R ,7E R 17B R 1« 

or =BR 16E or ^BNR^R 172 , 

is,. ' 



— S— or ' - NR ,fiE 



t • is 1 or 2, preferably 2, 

r ie tQ g» ^ r 5e ^ each hy< jrogen, Ci-Cio-alkyl. preferably methyl, C 3 -C 1 o i cycloalkyl, Qe- 
20 . Cis-aryl, NR 8B 2 or Si(R 8 >3, or two adjacent radicals form a cyclic group haying from 

4 to 12 carbon atoms* with particular preference being given to all R IE to R 3E and R 5! 
being methyl. 
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Particularly useful complexes D) of the formula QOVd) are 
dimethylsilanediyl(teti^ethyIcyclopentadie dichloride, 
dimethylsilanediy!(teti^ethy^ dichloride, 
dimethylsilanediyl(teti^ dichloride and 

dimethylsilanediyl(ihdenyl)(tert-butylamino)titaw dichloride. 

Another group of compounds of the formula pOVd) which are particularly useful are 
those, in which 

M 1E ' : is titanium, vanadium or chromium, preferably in the oxidation state m, and 
X E is chlorine, Ci-C 4 -alkyl or phenyl or two radicals X E form a substituted or 

unsubstituted butadiene ligand, 



R 16E 
I 


R 16E 
I 


R 1SS 

■I * • ■ 


— Si — 


or . c " — 


c — or 


I 






R 17E 


R ,7E 




R ,6E 
I 


B 18E D 176 • 

•T Tv 






— c=c— 




u 




.... i 

=BR ,SE or^NR l ^ 17p , 



. A 1E is -O-R^^-lSR^VPR 19 ^ or an unsubstituted, substituted or fused, heterocyclic, in 

particular heteroaromatic, ring system, 
v is 1 or when A 1E is an unsubstituted, substituted or fused, heterocyclic riqg system 

may beO or I, 

K lE to R 3E and R 5E are each hydrogen, d-Cio-alkyl, Ca-Cio-cyploalfcyl, C6 T Ci 5 -aiyl or Si(R 8E )a, 
or two adjacent radicals form a cyclic group having from 4 to 1 2 carbon atoms. 
In a preferred embodiment, A 1E is an unsubstituted, substituted or fused, heteroaromatic 
ring system and M IE is chromium. Very particular preference is given to A lE bemg an 
unsubstitiited or substituted, e.g. ajkyl-substituted quinolyl or pyridyl bound in position 8 or 2, 
e.g. 8-quinolyl, 8-(2-methylquinolyl), 8K2,3 ? 4^rimethylquinolyl), 8-(2,3,4, 5,6,7- 
hexamethylquiriolyl), v being 0 and M 1E being chromiunt Preferred catalysts D).of this type are 

45 



Ly 6079 (US). . '„ 

li(8^i4nolyl>2-methyl^methylcyd^^ dichloride, 1 ^(8-quinolyl)-3* 

iOTpropyl-5Mne^ylcyclopentadienyfe dichloride, l-(8-quijiolyl)-3-tert-butyl-5- 

methylcyclopeAtadienylcbromium(^ 
tetrmethylcydopentadiejylchroiiaupi(IIJ) dichloride, 1H(8- 
5 quinolyl)tetr^y(Jroindenylchrbmium(nr) dichloride, i-(87quinolyi)indenylchromium(III) 
dichloride, l<8-quhiolyl)-2-metKylindenylchroniiurt 

isoprppylindehylcluomiumOai) dichloride, H8-quinolyl>2^ylindenylchromium(ItO 
• dichloride, l-(8^irinolyl>2rtert-butyUndenylchroi^iuin(in) dichloride, l-(8- 
quinOlyl)bei^ndenylclnromium(ni) dichloride, l-KSrquinolyl^- 
10 methylbenzindenylcliromm^ 

methylcyclopentadienylchronuum(TII) dichloride, J<8-(2-methylquiiiolyl)-2,3,4,5 p : 

tetrwne&ylcyclopentadienyte 

methylqumolyl))tetir^ydfpindenylcltfonuu^ 

methylquinoiyi))indenylchro^um(TO 
15 methylbidenyichroniiiim^ll) dichloride, ln(8K2-me*ylquinoiyl))-2- ; 

isopropylindenylctuofl^^ 
e%lindeqylchjomium^ 
butyiihdenyh;hromium(III) 
dichloride or 1^8^-^^ 
20 . Eurtheitaqre, owing to the easeof preparatipn, preference \s given to compounds in y 

which R**5 is CH=CH or 1,2-phenylehe and A* E is NRl 9E 2 , and compounds in which R 15E is CH 2 , 
C(CH 3 )2 or S^CH^ and A iE is ^substituted pr substituted J^quinolyf or iuisubstituted or 
substituted 2-pyridyU 

The preparation of such functional cyclopentadienyl ligands has been known for a long 
. . . 25 time. Varibus synthetic route? to these complexing ligands iare described, for example, by M. 

Enders et d. in Chem. Ber. (1996)* 129, 459-463, or P. Jytzi and U. Siemeling in J. O^gmet. . 
Chei* (1995); 500, 175-185. . 

Themetal complexes* in particular.the chromi^ 
manner by reacting the appropriate metal s^ts, e.g. metal chlorides, with the ligand anion (e.g. 

30 using methods analogous to the examples! ihi>E-A-19710615). . 

. - * ' •*.*""* * • • 
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Further suitable catalysts D) include met$llocenes having at least one Ugand which is 
formed from a cyclopentadienyl or heterqcyclopentadienyl and a.fused-on heterocycle, with the 
heterpcycles preferably being aromatic and containing nitrogen ^nd/br sulfur. Such compounds 
are described, for example, in WO 98/22486. These are in particular dimethylsilan6diyl(2- 

5 methyM-phenylmdenylX2,5-d^ 

dimethylsilanediylbis(2Hrie^ dichloride, . 

dimethylsilanediylbis(2-etty^ dichloride, bis(2,5-dimethyl- 

N-phenyl-4-azapentalene)zirconium dichloride or (mdenyl)(2,5-dimethyl-N-phenyl-4- 
azapentalene)zirconium dichloride. T- 

10 Further suitable catalysts D) are systems in which a metallocehe compound is combined 

with, for example, an inorganic oxide which has been treated with zirconium alkoxide and 
subsequently chlorinated, for example by means of carbon tetrachloride. The preparation of such 
systems is described, for example, in WO 01/41920; 

• Other siiitable catalysts. D) include imidpchromium compounds in which chromium bears 

15 . at least one imido group as structural feature. These compounds and their preparation are . 
described, for example, in WO 01/09148. 

Further suitable components D) include transition metal complexes with a tridentate . 
: paracyclic iigand, in particular substituted and unsubstituted 1 ,3,5-triazacyclohexanes and 
1,4,7-triazacyclononanes. In the case of this type of catalyst, preference is likewise given to 

20 , chronMum complexes. Preferred catalysts of this type are [l ,3,5-tri(methyl)-l,3,5- 
triazl3icyclohexane]chromium trichloride, [l,3,54ri(etoyi)- 1,3,5^^ 

trichloride, [l£>*ri(octyQ-l;3,54^^ [l,3,5-tri(dodecyl)- 
l,3,5-tri^2^clphexime]chromium tricWoride and [l,3,5-tri(benzyl)-l,3,S- 
triazacyclohexaiie]chromiuin trichloride. 
25 , Further suitable catalysts D) are, for example, transition metal complexes with # least 

one ligand of the formulae XV to XCX, 



LIJ6079 (US) 




, XVII xviu xix 



where the transition metal is selected from among the elements Ti, Zr, Hf, Sc, V, Nb, Ta, Cr, 
Mo, W, Fe, Co, Ni, Pd; Pt and the elements of the rare earth metals. Preference is given tp 
compounds having nickel, iron, cobalt or palladium as central metal. 

E F is an element of group 1 5. of the Periodic Table of the Elements, preferably N or P, 
5 with particular preference being given to N. the two or three atoms E F in a molecule can be 
identical or different. - 

The radicals R 1F to R 25 ^ which may be identical or different within a ligand system XV 
to XIX, are as follows: ( ^ 

R 1F ahdR 4F are each, independently of one another, hydrocarbon 1 radicals or substituted 
10 hydrocarbon radicals, preferably hydrocarbon radicals in which the carbon atom 

adjacent to the element E F is bound to at lesast two carbon atoms, 
. . * R 2F and R ?F are each, independently of one another, hydrogen, a hydrocarbon radical or a 

substituted hydrocarbon radical, where R 2F and R 3F together may also form a ring 

system in which one or more heteroatoms may be present, 
1 S R 6 ^ and R 8F are each, independently of one another, hydrocarbon radicals or substituted . 

hydrocarbon radicals, 
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R 5F add R 9F are each, independently of one another, hydrogen, a hydrocarbon radical or a 

substituted hydrocarbon radical, 
where R 6 * and R 3F or R 8F afid R 9F may together slso form a ring system, 
R 7 * ore each, independently of one another, hydrogen, a hydrocarbon radical or 4 

TP 

5 substituted hydrocarbon radical, where two R may together also form a ring 

system, 

R I0F and R 14F are each, independently of one another, hydrocarbon radicals or substituted 
hydrocarbon radicals, 

R nF ,,£ l2F , R 12F * and R 13F are each, independently of one another, hydrogen* a hydrocarbon 
10 radical or a substituted hydrocarbon radical, where two or more geminal or vicinal 

radicals R 11A , R 12A , R l2A f and R 13A may together form a ring system, * 
R 15F and R 1?F are each, independently of one another, hydrogen, a hydrocarbon radical or a 

substituted hydrocarbon radical, 
R 16F and R l7F are each; independently of one another, hydrogen, a hydrocarbon radical or .a 
15. " substituted hydrocarbon radical, 

R 1?F and R 25F are each, independently of one another, C2-C2o-alkenyl, C 6 -C2o-aryl, alkylaryl 

having from 1 to 10 carbon atoms in the alky! part and 6-20 carbon atoms hi the aryl 
part, where the organic radicals R 16F and R 25F may also be substituted by halogens, 
R ?0F -R* 4F are each, independently of one another, hydrogen, 1 Ci-C20-alkyl, C2 T C2o-alkenyl, Q- . 
20 ' C2o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 

carbon atoms in the. aryl part or SiR 26F ? , where the organic radicals R 20F -R 24F may 
. also be substituted by halogens and two viqinal radicals R 20F -R 24F jnay also be joined 
tp fprm a five- or ^x^membered ring and 
. R 26F . are each, independently of one another, hydrogen, Ci-C2o-alkyl, Qr^d-alkenyl, c$- 
25 . QVaryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6t20 

carbon atoms in the aryl part and two radicals R^ F may also be joined to forniafive- 
brsix.meinberedring. ' . 

x. is 0 or 1 , with the complex of the formula (XVI) being negatively charged when x = 

•* * ■ 

0, and 

• » • 

30 y ' is an integer from 1 to 4, pfeferably 2 or 3. 
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Particularly useful transition metal complexes are those having Fe, Co, Ni, Pd or P* as , 
central metal and containing ligands of the formula (XV). Particular preference is given to 
diimine complexes of Ni or Pd, e.g.: 1 
di(2,6-di-i-propylpheny l)-2,3-dimethyldiazabutadienepalladium dichloride, di(di-i- 
5 propylphenyl)-2,3-dimethyldii^butacUenenickel dichloride, di(2,$-di-i- 

propylphenyl)dimethyldiazabutadienedimethylp^iladium, di(2,6-di-i-propylphenyl)-2,3- 
dimethyldiazabutadienedimethylnickel, di(2,6-dimethylphenyl)-2,3- 
. dimethyldiazabutadienepalladium dichloride, di(2,6^imethy 
dimethyldiazabutadienenickel dichloride,'di(2,6-dimethylphenyl)-2,3- 
10 dimrthyldiazabutadienedimethylpalladium, di(2,6-dimethylphenyl)-2,3- 
dimethyldiazabutadienedimethylnickel, di(2-methylphenyl)^2,3- 
dimethyldiazabutadienepalladium dichloride, di(2-methylphenyl)-2,3r 
. dimethyldiazabutadienenickel dichloride, di(2-methylphenyl)-2,3- 
dimethyldiazabutadienedimethylpalladium, di(2-methylphenyl)-2,3- 
15 dimethyldiazabutadienedimethylnickel, diphenyl-2,3-dimethyldiazabutadien$pal1adium 
dichloride/diphenyl-2,3-dimethyldia?abutaLdienenickel dichloride; diphenyl-2,3- . 
dimethyldiaz^utadienedim^thylpalladiumi diphenyl-2 ? 3TdimethyldiazabutadienedimethylnickeIj 
di(2,6-dimethylphenyl)azanaphthenepalladium dichloride, di(2,6- 
dimethylphenyl)azanaphthenenickel dichloride, di(2,6- 
20 . dimethylphenyOazanaphthenedimethylpalladium, di(2,6- 
dimethylphenyl)a^aphthenedim^ 
bipyridylnickel dichloride, l,r*ipyridyl(^ 

Particularly useful compounds (XDQ also include those which are described in J. Am. 
Chem. Sbc. 120, p. 4049 ff (1998), J, Chemu Soc, Commuri. 1998, 849, and WO 98/27124. E? 
25 is preferably nitrogen and R I9F and R ?5F in (XIX) are preferably phenyl, liapjithyl, biphenyl, 

anthranyl, o-, jp-, p-methylphenyl, 2,3-, 2,4-, 2,5- or 2,6-dimethylphenyl, -dichlprophehyl or - . 
dibromophenyl, 2-chloro-6-methylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- pr 3,4,5- 
. trimethylphenyl, in particular 2,3- or 2,6-dimethylphenyl, -diisopropylphenyl, -dichlorophenyl or 
■ . -dibromophenyl and 2,4,6-trimethylphenyl. At tfte same time, R F and R 24F are preferably 
30, hydrogen methyl, ethyl, n-propyl, isopropyl, n-butyl, tert r butyl, n-pentyl, n-hexyl ? n-hqptyl, n- 
octyl, benzyl or phenyl, ill particular hydrogen or methyl. R 2lF and R 23 * are preferably hydrogen 
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an4 R 22 * is preferably hydrogen, methyl, ethyl or phenyl, in particular hydrogen. Preference is 
. given to complexes of the ligands XK with the transition metals Fe, Co or Ni, in particular Fe. 
Particular preference is given to 2,6-<fiacetylpyridinebis(2,4-^ 
dichloride, 2,6-diac^lpyridinebis^ dichloride, 2,6- 

5 . diac^lpyridmebis(2^ dichloride, 2,6-di^cetylpyridinebis(2,6- 

diisopropylphenylimine)iron dichloride, 2,6 r diacetylpyridinebis(2,^ichlorophenylinMne)iron 
dichloride, 2,6-pyridine4icarboxaldehydeb^ dichloride, 2,6- 

diacetylpyridinebis(2,4-dim^ dichloride, 2,6-diacetylpyridinebis(2,4,6- 

trimethylphenylimine)cobalt dichloride, 2,6-diacetylpyridinebis(2-chloro-6- 
10 methylphenylimine)cobalt dichloride, 2,6-diacetylpyridinebi^ 

dichloride, 2,6-dia<^tylpyridinebis(2,6-dichlorophenylimine)cobalt dichloride, and 2,6- 
pyridinediqarbox^dehydebis(2,6-diisopropylphenylimi dichloride. 

Iminophenoxide complexes can also be used as catalysts D). The ligands of these 
complexes can be prepared, for example, from substituted or unsubstituted salicylaldehydes and 
15 primary amines, in particular substituted or un^>stituted arylamines. Transition metal 

complexes with pi ligands having one or more heteroatojns in the pi system, for example the 
boratabenzene ligand, the pyrrolyl anion or the phospholyl anion, can also be used as catalysts 

Further complexes suitable as catalysts D) include those which have bidentate or 
20 tridentate chelating ligands. In such ligands, for exariiple, an ether function is linked to an amine 
. or amide function or an amide is linked to a heteroaromatic such as pyridine. 

Such combinations of components A) and D) enable, for example, bftnodal products to be 
prepared pr combnomers to begenerated in situ. Preference is given to using at least one 
monocyclopentadienyl complex A) in the presence of at least one catalyst D) customary for the 
25 polymerization of olefins and if desire^, one or more activating compounds C). Here, depending 
on the catalyst combinations A) and D) ? one more activating compounds C) may be . 
advantageous. The polymerization catalysts D) can likewise be supported and can be used 
simultaneously or in toy order with the complex A) of the present invention. For example, the 
monocyclopentadienyl complex A) and the polymerization catalysts D) can be applied together 
30 to a support B) or different supports B). It is also possible to use mixtures of various catalysts as 
component t>). The molar ratio of monocyclopentadienyl complex A) to polymerization catalyst 
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P) is usually in Ithe range from 1:100 to 100:1, preferably frpm 1:J0 to 20:1 and particularly 
preferably.froml:*ltolO:i. 

-Tiie catalyst system may further, comprise, as additional component E), a metal 
compound of the formula (XX), 
5 M o 0^ ,G ) r o(R^) a o(R 3O ) t o (XX) 

whefe • * 5 • I 

' isU,Na,K,Ek^I^C^Sr,Ba,^^^ 

in particular Li, Na, K, Mg, boron, aluminum or Zn, 
R 1G . is hydrogen; C r Cii>-alkyl; Ce-Cis-aryt alkylaryl or arylalkyl each having from 1 to 
10 " . 10 caij>on atoms in the alkyl part «*nd from 6 to %Q carbon atoms in the afyl part, 

R* 5 and R ?G are each hydrogen, halogfen, Ci-C jo-alkyl, C 6 -Ci5-aryi, alkylaryl, arylalkyl or alkoxy 
• each having from 1 to 20 carbon atoms in the alkyl radical and from 6 to 20 carbon 
atoms hi the aryl radical, or alkoxy with d-Cio-alkyl or Cs-Cjs-aryl, 
r G .... is an integer from 1 to 3 ; 
15 ■ and ... ./,' 

s°andt° are integers from 0 to 2, yfl^ 

•mP, - ' *• • .. ^ ' / ' ' ' 

where the component E) is not identical to. the component C)/ It is also possible to use mixtures 
of various metal compounds of the formula (XX). 
20 Among the metal compounds of the formula (X?£), preference is given to those in which 

M° • is lithium; magnesium, boron or aluminum and m ;. 

R 1G ; 7 isCi-Czo-alkyl-. 

Particularly preferred metal compounds of the formula (XX) are methyllithium, 

ethyllitlpum, n-bu^ - 
25 ethylmagnesium chloride, ethylmagnesium bromide, butylmagnesmni chloride, 

• dimethyjmagnesium, diethylmagnesium, dibutylmagnesium, n-butyl-n-octylmagnesium, n-butyl 
n-heptylniagneshim; in particular n-butyl-n-octylmagnesiiiin, tri-n-hexylaiuminum, 
triisobutylaluminuin, tri-n-butyWuminum, triethylaluminum, dimethylaluminum chloride, 
dim^thylMuminum fluoride, methylaluminum dichlori.de, methylaluminum sesquichloride ? 

30 diethylaluminum chloride amd trimethylaluminum and mixtures thereof. The partial hydrolysis 

• products of aluminum alkyls with alcohols can §lso be used. 
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When a metal compound E) is used, it is preferably present in the catalyst system in such 

an amount that the molar ratio of M° from formyla (XX) to transition metal from 

monocyclopentadienyl compound A) is from 2 000:1 to 0.1:1, preferably from 800:1 to 0.2:1 and 

particularly preferably from 100:1 to 1:1. 

5 In general, the catalyst solid together with the further metal compound E) of the formula 

(XX), which may be different from the metal compound or compounds E) used in the . 
preparation of the catalyst solid, is used as constituent of a catalyst system for the polymerization 
or copolymerization of olefins. It is also possible, particularly when the catalyst solid does not 
contain any activating component C), for the catalyst system to further comprise, in addition to 

10 the catalyst solid, one or more activating compounds C) which are identical to or different from 
any activating compounds C) present in the catalyst solid. 

To prepare the catalyst systems of the present invention, preference is giveii to 
immobilizing at least one of the components A) and/or C) on the support B) by physisorption or 
by means of a chemical reaction, i.e: cpvalent binding of the components, with reactive groups of 

1 5 the support surface. The order in which the support component B) ? the component A) and any * 
. component C) are combined is immaterial The components A) and C) can be added 
independently of one another or simultaneously or in premixed form to B), After the individual 
process steps, the polid can be washed with suitable inert solvents such as aliphatic or aromatic 
hydrocarbons. 

20 In a preferred embodiment the monocyclopentadienyl complex A) is brought intQ contact 

with the activating compound C) in a suitable solvent, usually giving a soluble reaction product, 
an adduct or a mixture. The preparation obtained in this way is then brought into contact with 
the support B),\which may have been pretreated, and the solvent is completely or partly removed. 
Thi$ preferably gives a solid in the form of a free-flowing powder. Examples of the industrial 

25 implementation of the above process are described in WO 96/00243, WO 98/40419 or WO 

00/05277.' A further preferred embodiment comprises firstly applying the cation-forming - 
compound C) to the support B) and subsequently bringing this supported cation-rforming 
compound into contact with the monocyclopentadienyl complex A). 

The component D) can likewise be reacted in any order with the components A) and, if 

30 desired, B), C) and E). Preference is given to bringing D) firstly into contact with component C) 
and then dealing with the components A) and B) and any further C) as described stoove. . In . . 

. • ' . . 53 • 



LU607?(US) ' 

another preferred embodiment, a catalyst solid is prepared from the components A), B) and C) as 
described above and this is brought into contact with the component E) during, at the beginning 
of or shortly before the polymerization. Preference, is given to E) firstly being brought into 
contact with the a-olefin to be polymerized and the catalyst solid comprising the components A), 
B) and C) as described above subsequently being added. 
. . The monocycloperitadienyl complex A) can be brought into contact with the 
component(s) C) and/or D) either before or after being brought into contact with the olefins to be 
polymerized. Preactivation Using one or more components C) prior to mixing whh the olefin and 
.further addition of the same or different components C) and/or D) after the mixture has been 
brought into contact with the olefin is also possible. Preactivation is generally carried out at 10- 
100°C, preferably 20-80°CJ. . . .. 

• It is also possible for the catalyst system firstly to be prepojymerized with a-olefins, 
preferably linear C2-Cio-l-alkenes and in particular ethylene or propylene, and the resulting 
piepolymerized catalyst solid then to be used in the actual polymerization. The mass ratio of 
catalyst solid used in the prepolymerization to monomer polymerized onto it is usually in the 
. range from 1 :0.1 to 1:1 000, preferably from 1:1 tp 1:200. 

Furthermore, a small amount of an olefin, preferably an a-olefin, for example 
vinylcyqlphexane, styrene or phenyldimettiylvinylsilajie, fis modifying component^ an antistatic 
or a suitable inert cpmppund such as a wax or oil cam be added as additivp during or after the 
preparation of the catalyst system. The molar ratio of additives to.transition metal cojmpound B) 
is usually from 1:1 000 to I 000:1, preferably from 1:5 tp 20:1. 

The catalyst systems of the present invention are suitable for the polymerization of 
olefins £*nd especially for the polymerization of a-olefins, i.e. hydrocarbons having terminal 
double bonds. Suitable monomers inchuje functionalized okfinic^ly u^turated compounds : 
such as acrolein,- ester or amide derivatives of acrylic or methacrylic acid, for example acrylates, 
• methacrylates or acrylonitiile, or vinyl esters; for example vinyl acetate. Preference is given to 
. nonpplar olefinic compounds, including aryl-substituted a-olefins. Particularly preferred- a- 
olefins are linear or branched QrCu-l-alkenes, in particular linear C 2 -Ci 0 -l-alkenes such as 
ethene, propene, 1-butene, 1-pentefte, 1-hexene, 1-heptene; lroctene, 1-decpne or branched C2- 
Cio-l-alkenes such as 4-methyl-l-peutene, conjugated and unconjugated dienes such ^s 1 ,3- 
butadiene, 1,5-hexadiene or l,7-6ctadiene or vinylaromatic compounds such as styrene or 
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substituted styrene. It is also possible to polymerize mixtures of various a-oleftns. Preference is 
given to polymerizing at least one olefin, selected from the group consisting of ethene, propene ? 
1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octeneand 1-decene. 

- Suitable olefins also include ones iii which the double bond is part of 3 cyclic structure 
which can have one or more ring systems. Examples are cyclopentene, cyclohexene, 
norborneri?, tetracyclododecene and methylnorbornene and dienes such as 5-ethylidene-2- 
norbornene, norbornadiene or ethylnprbornadiene. 

Mixtures of two or more olefins can also be polymerized. In contrast to some known iron 
and cobalt complexes, the monocyclopentadienyl complexes of the present invention display a 
good polymerization activity even in the case of higher a-olefins, so that their suitability for 
copolymerization deserves particular emphasis. In particular, the monocyclopentadienyl 
complexes of the present invention can be used' for the polymerization or copolymerization Qf 
ethene or propene. As cpmonomers in the polymerization of ethene, preference is given to using 
C3-Cs-a-olefins or norbornene, in particular 1-butene, /hpentene, 1-hexene and/or 1-octene. 
Preference is. given to using monomer mixtures containing at least 50 ntol% of ethene. Preferred 
comonomers in the polymerization of propylene are ethene and/or butene. 

The polymerization can be carried out in a known manner in bulk, in suspension, in the 
gas phase or in a supercritical medium in the customary reactors used for the polymerization of . 
olefins. It can be carried out batchwise or preferably continuously in one or more stages. High- 
pressure polymerization processes in tube reactors or autoclaves, solution processes, suspension 
processes, stirred gas-phase processes or gas-phase fluidized-bed processes are all possible. 

The polymerizations are ysually carried out at from -60 to 350°C under pressures of from 
0.5 to 4.000 bar at mean residence times of from 0.5 to 5 hours, preferably from 0.5 to 3 hours. 
The advantageous pressure and temperature ranges for carrying out the polymerizations usually 
depend on the polymerization method. In the case of high-pressure polymerization processes, 
' which are usually carried out at pressures of from 1 000 to 4 000 bar, in particular from 2 000 to 
3 500 bar, high polymerization temperatures are generally also set. Advantageous temperature 
ranges fbr these high-pressure polymerization processes are from 200 to 320°C, in particular 
from 220 to 290°C. In the case of lowi-pressure polymerization processes, a temperature which 
is at least a few degrees below the softening temperature of the polymer is generally set. These 
polymerization processes are preferably carried out at from 50 to 180°C, preferably from 70 to 
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120°G. In the case of suspension polymerization the polymerization is usually carried out in a 
suspension medium, preferably an inert hydrocarbon such as isobutane or a mixture of 
hydrocarbons, or else in the monomers themselves. The polymerization temperatures are 
generally in the range from -30 to 1 15°C, and the pressure is generally in the range from 1 to 100 
5 bar. The solids content of the suspension is generally in the range from 10 to 80%. The 

polymerization can be carried out batchwise, e.g. in stirring autoclaves, or continuously, e.g. in 
tube reactors, preferably in loop reactors. Particular preference is given to employing the 
Phillips PF process as described in US-A-3 242 150 and US-A-3 248 179. The gas-phase 
polymerization is generally carried out at from 30 to 125°C. 
10 Among the abovementioned polymerization processes, particular preference is given to 

gas-phase polymerization, in particular in gas-phase fluidized-bed reactors, solution 
polymerization arid suspension polymerization, in particular in loop reactors and stirred tank 
reactors. The gas-phase polymerization can also be carried out in the condensed or 
supercondensed phase, in which part of the circulating gas is cooled to beiow the dew point and 
1 5 is recirculated as a two-phase mixture to the reactor. It is also possible to use a mukizone reactor 
in which two polymerization zones are linked to one another and the polymer is passed 
alternately through these two zones a number of times. The two zones can also have different 
polymerization conditions. Such a reactor is described, for example, in WO 97/04015. The 
different or identical polymerization processes can also, if desired, be connected in series so as to 
20 . form a polymerization cascade, for example in the Hostalen process. A parallel reactor 

arrangement using two or more identical or different processes is also possible. Furthermore, 
molar mass regulators, tor example hydrogen, or customary additives such as antistatics can also 
be used in the polymerizations. 

The monocyclopentadienyl complexes of the present invention and the catalyst systems 
25 in which they are present can also be prepared by means of combinations of methods or their 
polymerization activity can be tested with the aid of these combined methods. 

. The process of the present invention allows polymers of olefins to be prepared. The term 
' "polymerization" as used here in the description of the present invention encompasses both 

polymerization and oligomerization, i.e. oligomers and polymers having molar masses M» in the; 
30 range from about 56 to 10 0Q0 000 can be.pfoduced by this process. 
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Owing to their good mechanical properties, the olefin polymers prepared using the 
catalyst system of the present invention are particularly useful for the production of films, fibers 
and moldings. 

The catalyst systems of the present invention give a very high productivity in the 
5 polymerization of olefins, ofifer advantages in the work-up of the polymers after the 

polymerization and lead to significantly fewer problems in respect of catalyst residues in the 
polymer. The polymers prepared using the catalyst system of the present invention arfc 
particularly useful for applications which require a high productivity. In addition, the catalyst 
systems of the present invention display a very good activity even at a relatively low molar ratio 
10 of aluminoxane to transition metal compound. \ 
Examples * .. 

This density [g/cm 3 ] was determined in accordance with ISO 1 183. 

The determination of the molar mass distributions and th$ mean values Mn, M w and 

Mw/Mn derived therefrom was carried but by means of high-temperature gel permeation 
* . * * .* ■*■"*.*.. 

1 5 chromatography using a method based on DIN 55672 under the following conditions: solvertt: 

r 1,2,4-trichlorobenzene, flow: I ml/miMemp^ature: 140°C, calibration using PE standards. 

Abbreviations in the table below: 

'.cat ' catalyst 

t(poly) polymerization time 

20 polymer amount of polymer formed 

.M w weight average molar mass 

M„ number average molar mass 

density pblymer density "•«.**. 

. * * * * * 

prod. productivity of the catalyst ifi g of polymer obtained per mmol of catalyst (chromium 

• . * •* * * 

25 " complex) used per hour 

Example 1 

* 1.1. Preparation of [2~(lH-inden-3-yI)methyl]pyridine 

A mixture of 29.5 ml (0.3 mol) of alpha-picoline with 140 ml of tetrahydrofuran was cooled to 
-20°C and 187.5 ml of n-butyllithium (1.6M in hexane, 0.3 mol) were subsequently added while 
30 stirring: The mixture was allowed to warm to room temperature while stirring and a solution of 
39.6 g (0.3 mol) of l^indanone in 35 ml of tetrahydrofuran was then added over a period of 25 
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minutes while stirring: The mixture was then stirred fqr a further 1.5 hours and hydrolyzed with 
600 ml of dilute hydrochloric add, title organic phase was separated off and the aqueous phase 
was extracted once with diethyl ether. The aqueous phase was then neutralized with aqueous 
ammonia solution and extracted 3 times with 150 ml each time of chloroform. The organic 
5 phases were combined and the solvent was distilled off. The l-(2-pyridinylmethyl)-l-indanol 
obtained in this way 'was dissolved using 500 ml of 10% strength by weight hydrochloric acid 
and heated for 3 hours on a waterbath. The reaction mixture was cooled, washed with ether and 
the aqueous phase was neutralized with aqueous ammonia solution. The neutralized aqueous 
phase was extracted 3 times with 150 ml each time of chloroform and the combined organic 
10 phases were dried over magnesium sulfate. After the magnesium sulfate had been filtered off, 
. the solvent was distilled off to leave 52.7 g of a mixture of 2<lH*inden-3-ylmethyl)pyridine and 
2-[(B)-2,3-dihyd^ in a ratio of 10:9 in a total yield of 95%. 

NMR l H (6DCI3): 8.61 (d, 1H); 7.61 (td, 1H); 7.55 (d, 1H); 7,51 (d, 1«); 7.36 (d, 1H); 7.32-7.22 
. 3H);7.16 (dd, 1H); 6.31 (m, 1H); 4.17 (br s, 2H); 3.43 (br s, 2fl). 
15 1.2. Preparation of (l-(2rpyridy!niethyl)ind^yl)chromiuin dichloride 

[ Absolution of 52.7 g of ^ . 
dihydro-lJ^ndeiM^ in a molar ratio of 10:9 in 550 ml of tetrahydrofiiran 

was cooled to I -lob°C. 80.5 ml of a 15% strength n-butyllithium solution in h§xane (0. 1288 mol) 
were then slowly added dropwise. After the addition was complete, the reaction mixture was 
20 ; stirred at -100°C for a further 45 minutes. The mixture wks subsequently allowed to warm to 
room temperature. After stirring for a farther 2. hpurs, the solution wais cooled to ^0 9 G and 49 g 
. (0. 1288 mol) of chromium trichloride tris(tetrahydrofuran).were added while stirring. The 
fixture was allowed to warm slowly to room temperature and was subsequently stirred for a 
fUrther 10 hours at room temperature. The reaction mixture was theft refluxed for 20 minutes 
25 and subsequently cooled to rpom temperature. The solid which had precipitated was filtered off 
and washed with hot tetrahydroifuran. The solid was Subsequently washed with diethyl ether and 
dried, under reduced pressure. This gave 24.9 g of (1^2-pyridylmethyl)indenyl)chromium 
dichloride(59%). • . ^ 

Example 2 , 

30 2.1. Preparation of [2^1H-inden-^yl)rl-methylethyI]pyridioe 

A solution of 7.25 g (0.046 m<?l) of 2-bf omopyridine in 20 ml of diethyl ether was cooled to 
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-60°C and a mixture of 28.7 ml of n-«butyllithium.(L6M in hexane, 0.046 moi) and 70 ml of 
diethyl ether was subsequently added while stirring. The mixture was stirred for a further 1 5 
minutes and a solution of 7.16 g (0.046 mol) of l-(l-methylethylidene>l-indene dissolved in 10 
ml of ether was then added. The mixture was allowed to warm to room temperature and was 

5 hydrolyzed with 100 ml of dilute hydrochloric acid. The organic phase was separated off, the 
aqueous phase was extracted once whh diethyl ether, the aqueous phase was subsequently 
neutralized with aqueous ammonia solution and extracted three times with 50 ml each time of 
.chloroform. The organic phases were combined, dried over magnesium sulfate, the magnesium 
sulfate was filtered off and the solvent was distilled off. This gave 0.54 g (5%) of [2-(lH-inden- 

10 3-yl)-l-methylethyl]pyridine. 

2,2. Preparation of (3-(2-pyiridyM-methy^ 




■ / 



. . A. solution of 0.54 g (0.0Q23 mol) of [2-(lH-indenr3-yi)-i-m^ethylethyl]pyridine in 20 ml of 
tetrahydrofiiran was cooled to -100°G. 1/72 ml of a 15% strength n-butyllithium solutibn in 
hexane (0.0027 mol) were slowly added dropwise. After the addition was complete, the reaction 

15 . mixture was stirred at -100°C for a further 30 minutes. The mixture was subsequently allowed to 
warm to room temperature. After stirring for a further 1 hour, the solutibn was cooled to ^60°C 
and 1.1 g (0.0029 mol) of chromium trichloride tris(tetrahydroiRiran) were added while stirring. 
The fixture was allowed to warm slowly to room temperature and was subsequently stirred at 
room temperature for a further 10 hours. The reaction mixture was then refluxed for 20 minutes 

20 and subsequently cooled t6 roqm temperature.*. The solid which had precipitated was filtered off, 
washed with diethyl ether and dried under reduced pressure. This gave 0.3 g of (3-(2-pyridyl-l- 
methylethyl)indenyl)chromium dichloride (37%). 
Example 3 

3.1. Preparation of 2-isopropylpyridine 

25 . A solution of 19.4 ml (0. 17 mol) of 2-ethylpyridine in 100 ml of tetrahydrofuran wis cooled to 

' 59 *• ' ' ' 
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-20°C and 125 ml of n-butyUithium (j.6ta in hexane, 0.2 mol) were subsequently added while 
stirring. The mixture was allowed to come to room temperature, stirred for another one hour and 
subsequently cooled back down to -2Q°C. A solution of 18 ml (0.25 inol) of methyl iodide in 20 
ml of tetrahydrpfurah was then added at such a rate that the temperature remained at -20°C. The 
mixture was allowed to warm to room temperature, stirred for a further 14 hours and hydrolyzed 
with .60 ml of water. The organic phase wa§ separated off and the aqueous phase was extracted 
three times with 50 ml each time of diethyl ether. The organid phases were combined, dried over 
magnesium sulfate, the magnesium sulfate was filtered off and the solvent was distilled off. The 
residue obtained in this way was distilled at 81-84°C/60 tori\ This gave 10.88 g (53%) of 2- 
isopropylpyriiline. 

3.2. Preparation of 2-[lKlH-inden-3-yl)-l-methyletbyl]pyridiiie 

A solution of 10.8 g (0.09 mol) of 2-isopropylpyridine in 47 ml of tetrahydrofiiran was cooled to 
-20°C and 62.5 nil of n-butyllithium (1.6M in hexane, 0.11 mol) were subsequently added while 
stirring. The mixture was allowed to come to room temperature and was stirred for a further one 
hour. A solution of 15.84 g (0.12 mol) of 1-indanone in 12 ml of tetrahydrofiiran was then added 
at such a rate that the temperature remained at 25°C. The .mixture wa$ stirred fpr a further 12 

s 

hours and hydrolyzed with 200 ml of dilute hydrochloric acid. The organic phase was separated 
ofi^ the aqueous phase Was extracted once with diethyl ether, the aqueous phase was 
subsequently neutralized with aqueous ammonia solution and was extracted three times with 100 
ml each time of chloroform. The organic phases were combined, dried oyer magnesium sulfate, 
. the magnesium sulfate was filtered off and the solvent was distilled off This gave 16.6 g (77%) 
of24MlH-inden-3^ 
Example 4 • 

4.1. Preparation of [2-(lH-inden-3-yl)(phenyl)methyI]pyridiiie 

A mixture of 3.23 ml (0.02 mol) of 2-benzylpyridine in 15 ml of diethyl ether was cooled to 
-20°C and 13 ml of n-butyllithium (1.6M in hexane, 0.02 mol) were subsequently added while 
stirring. The mixture Was allowed to come to room temperature, stirred for another one hour and 
subsequently cooled to -*60°C. A solution otl.S g (0.021 inol) of 1-indanpne in 10 ml of diethyl 
ether was subsequently added while maintaining the temperature. The mixture was allowed to 
warm to room temperature, stirred fpr a further 3.5 hours and hydrQlyzed with 40 ml of dilute 
hydrochloric acid. The solid which had precipitated was filtered of£ the organic phase was . 
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separated off arid the aqueous phase was extracted twice with ethyl acetate. Hie aqueous phase 
was then neutralized with aqueous ammonia solution and extracted three times with 30 ml each 
. time of methylene chloride. The organic phases were combined, dried over magnesium sulfate, 
the magnesium sulfate was filtered off and the solvent was distilled off. Recrystallization of the 
5 residue obtained in this way from hexane gave 1.9 g (34%) of [2-(lH-in4en-3- 
yl)(phenyl)methyl]pyridine. 

4.2. Preparation of (3-(2-pyridyM-phenylraethyl)indenyl)chromium dichloride 

A solution of 4.63'g (Q.016 mol) of (2-(lH-inden-3-yl)(phenyl)tnethyl]pyridine in 60 ml of 
* tetrahydrofunin was cooled to -100°C. 11 ml of a 15% strength n-butyllithium solution in hexane 

10 (0.016 mol) were slowly added dropwise. After the addition was complete, the reaction mixture 
was stirred at -100°C for a further one hour. The mixture was subsequently allowed to warm to 
room temperature. After stirring for a farther one hour, the solution was cooled to -60°C and * 
6.15 g (0.016 mol) of chromium trichloride tris(teti^ydirofiiran) was added while stin^ The 
mixture was allowed to warm slowly to room temperature and was subsequently stirred for 

15'.* another 10 hours at room temperature. The reaction mixture was then refluxed for 20 minutes 
and subsequently cooled to room temperature. The solid which had precipitated was filtered of£ 
washed with diethyl ether and dried under reduced pressure. This.gave 4.4 g of (3-(2-pyridyl-l- 
phenylmethyl)ijQdenyl)chromium dichloride (40%). 
Comparative example 1 

20 5-[(2-Byridyl)methyl]-l,2,3,4-tetramethylcyclopent^ dichloiide was prepared by 

the method of WO 01/92346. ' 
Polymerization 

, Polymerization was carried out at 40 C under argon in a 1 1 four-neck flask provided with contact 
thermometer, stirrer with Teflon blade, heating mantle and gas inlet tube. The appropriate 
... 25 amourit of MASO (10% strength solution in toluene, Cr: Al = 1 :500) was added to a solution of the 
amount indicated in tabte 1 of the appropriate complex in 250 ml of toluene $nd the mixture wa$ 
' heated to 40°C on a waterbath. ' 

Shortly before introduction of ethylene, 3 ml of hexene were placed in the flask and 
ethylene was subsequently passed through the flask at a flow rate of about 20-40 1/h at 
30 atmospheric pressure. The remaining amount of hexene (7 ml) was introduced via a dropping 

fiinnel over a period of 1 5 minutes. After the time indicated in table 1 under a constant ethylene 
• ■ . ^ " • , 

• - 61 
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flow, the polymerisation was stopped by addition of methanolic HC1 solution (1 5 ml of 
concentrated hydrochloric acid in 50 ml of methanol). 250 ml Of methanol were subsequently, 
added and the resulting white polymer was filtered of£ washed with methanol and dried at 70°C. 
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We claim: 

1 . A monocyclopentadienyl complex which comprises the structural feature of the formula 
(Cp)(-Z-A)mM 00, where the variables have the following meanings: 
Cp is a cyclopentadienyl system, 
5 Z is a bridge between A and Cp of the formula, 

R 1B : 
where 

L 1B . are each, independently of one another, carbon or silicon, 
R lB is C2-C2o-aBcyl, C2-C?o-alkenyl, C 6 -C2o-aryl, alkylaryl having from 1 to 10 
carbon atoms in the alkyl part and 6-20 carbon atoms in the arylpartor 
10 SiR iB 3, where the organic radical R 1B may also be substituted by halogens 

and R 1B and A may also be joined to form a five- or six-membered ring, 
R 2 * is hydrogen, Ci-Qgft-alkyl, C 2 -C20-alkenyl, C6-C 2 o-aryl, alkylaryl having 
from 1 to 10 carbon atQms in the alkyl part and 6-20 carbon atones in the 
. aryl part or SiR 3? 3, where the organic radical R 20 may also be substituted 
15 by halogens and R 2P and A may also be joined to form a five^ Qr six- 

membered ring, 

* . R 3B are each, independently of one another, hydrogen^ Ci-Cso-alkyl, C2-C20- 

aljcenyl, C6-C2o-aryl or alkylaryl having from 1 to 10 carbon atoms in the 
alkyl part and 6-20 carbon atom* in the aryl part and two radicals R 3B may 
20 also be joined to form a five- or six-membered ring, 

A • is fifi unsubstituted, substituted or fused, het^roaromatic riiig system, 
M is a metal selected from the group consisting of titanium in the oxidation state 3, 
vanadium, chromium, molybdenum and tungsten and 
. m is 1, 2 or 3. 

25 % A monocyclopentadienyl complex as claimed in claim 1 having the formula (Cp)-(-Z- 
A)mMXk (VI), where the variables have the following meanings: 
Cp . is a cyclopentadienyl system,' 
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•Z is a bridge between A and Cp of the formula, 

i • .. • ■ . • •■ 

*. » IP • v 

where . 

L lb are each, independently of one another, carbon or silicon, 
R lB . is C 2 -C2o-alkyl, (^-C^-alkenyl, (VC^aryl, alkylaryl having from 1 to 10 
5 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryl part or 

. SiR 39 3, where the organic radical R 4B may also be substituted.by halogens 
\ and R l * arid A may also bp joined to form a five- or six-memfcered ring, 
R 2B • is hydrogen, Ci-C 20 -alkyl, C 2 -C 20 -alkj6nyl, C^C^o-aryl, alkylaryl having 
, ' from i to 10 caibon atoms in the alkyl part and 6-20 carbon atoms in the 
10 ' aryl part or SiR 3B 3, where the org^c i^dic^ R 2B may sdso be siibstitutied 

by halogens and R 28 and A may also be joined to form a five- or si#- 
• , membered ring, 

R 3B - are each, independently of one another, hydrogen, Gi-Qzo-alkyl, Q2-C20- 
alkenyl, G$-?C2o^aryl or aUcylaryl having from 1 to 10 caibon atoms 
15 . alkyl part ? and 6-20 caibon atoms in the aryl part and two radicals R 3B may 

. also be joined to form a five- 01; spc-membered rirt& 
A is an unsubstituted^ ^bstituted or fosed, l|#eroaroma^^ 

M is a rnetal selected from the group consisting of titanium in the oxidation state 3, 

vanadium, chromium, molybdenum and tungsten, 

20 m is 1,2 or 3, 

• " . ■ X fure each, independently of one another, fluorine, chlorine, bromine, iodine, 

• hydrogen, Ci-Cio-alkyl, C^Cw-alkenyl, (VCko-aryl, alkylaryl having 1-10 carbon 

atoms in the alkyl part and 6-20 carbon atoms in the aryl part, NR*R 2 , OR r , SR 1 , 

SO3R 1 , OCXCOR 1 , CN, SCN, M&etqnate, CO, BF 4 " , PF<f or a bulky 
**■*".* * 
25 noncoordinating anion, . 

. R^R? are each, independently of one another, hydrogen, Ci-C^o-alkyl, C 2 -C2o-alkenyl, 

- C 6 -C2o-aryl> alkylaryl having from 1 to 10 carbon atpms in the alkyl part and 6-2Q 
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carbon atoms in the aryl part or SiR 3 3, where the organic radicals R l -R 2 may also 
be substituted by halogens and two radicals R^R 2 may also be joined to form a 
five- or sbc-membered ring, 

R 3 are each, independently of one another, hydrogen, Ci-Cao-alkyl, Co-Qm-alkenyl, 
C 6 -C2o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part and two radicals R 3 may also be joined to forma 
fiver or ax-membered ring and 

k is 1,2, or 3. 

A monocyclopentadienyl complex as claimed in claim 1 or 2, wherein the 
cyclopentadienyl system Cp has the formula (H): 

R \ R 2 * ' 




(U) 



R 



where me variables have the following meanings: 

. E 1A -E 5A ' . are each carbon or not more than one E ,A to E 5A is phpsphorus, 
r ia_ r sa , . ^ eacb^ independently of one another, hydrogen, Ci-Cw-alkyl, C2-C20- 
. alkenyl, CVCararyl, alkylaryl having from 1 to \0 carbon atoms in the 
alkyl part and 6-20 carbon atoms in the aryl parti NR 6A 2, M(SiR 6A 3 ) 2 , 
OR 6A , OSiR 6A 3, SiR 6A 3, BR 6A 2, where the organic radicals R 1A -R SA may 
also be substituted by halogens and two vicinal radicals R 1A -R 5A inay also 
be joined to form a five- or sbc-membered ring, and/or two. vicinal radicals 
R 1 A -R SA are joined to form a heterocycle which contains at least one atom 
from the group consisting of N, P, O and S, with 1, 2 or 3 substituents 
R 1A -R 5A each being a -Z- A group and 
R <A afe each, independently of one another, hydrogen, Gi-Cao-alkyl, C2-C20- 

alkepyl, Q-Cao-aryl, alkylaryl having from 1 to 10 carbon atoms in the 
alkyl part and 6-20 carbon atoms in the aryl part and two geminal radicals 
R 6A may also be joined to form a five- or six-membered ring. 
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4. A monooyclopentadieayl complex as claimed in any of claims 1 to 3, wherein the 
cyclopentadienyl system Cp together with -?-A has the formula (TV): 




where the variables have the following meanings: . 
E lA -E 5A are each carbon or not more than one E 1A to E 5A is phosphorus, 
R ,A -R 4A are each, independently of one another, hydrogen* Ci-C20-alkyl, C2rC2o- 
alkenyl, G>-C2o-aryl, alkylaryl having from 1 to 10 carbon atoms iii the 
alkyl part and 6-20 carbon atoms in/the aryl part, TSIR* A 2,N(SiR. 3)2, 
OR 6A , OSiR 6A 3, SiR 6A 3, where the organic radicals R lA *R 4A may also be 
substituted by halogens and two vicinal radicals R 1A -R 4A may also be 
joined to form a five- or six-membered ring, and/or two vicinal radicals 
■ R 1A -R 4A are joined to form a heterocycle which, contains at least one atom 
from the group consisting of N, P, O and S, 
R 6A are each, independently of one another, hydrogen, Ci^o-alkyl, C2-C20- 

alkenyl, C6-C20-aryl, alkylaryl having from i to 10 carbon atoms in the 
alkyl part and 6-20 carbon atoms in the aryl part and two geminal radicals 
R* A may also be joined to form a five- or six-membered ring ? 
A is an i*nsubstituted ? substituted or fused, heteroaromatic ring system, 

Z is a bridge between A and Cp of the formula, 




. where 

L lB are each, * independently of one another, carbon or silicon, 
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R 1B is e 2 -C20-alkyl, £ 2 -C20-alkenyl, C6-C20-aryl, alkylaryl having from 1 to .10 
carbon atoms in th§ ftfkyl part and 6-20 carbon atoms in the aryl part or 
SiR 3 \ where the organic radical R 1B may also be substituted by halogens 
and R lB and A may also be joined to formative- or six-membered ring, . 
5 R 2B is hydrogen, Ci-Cao-alkyi C^Qo-alkenyl, C 6 -C 2 p-aryl, alkylaryl having 

from .1 to 10 carbon atoms in the alkyl part and 6-20 carbon atoms in the 
aryl part or SiR 3B 3 , where the organic radical R 28 may also be substituted 
by halogens and R 2B and A- may also be joined to form a five- or six- 
membered ring, 

10 R 3B are each, independently of one another, hydrogen, Ci-C 2 Q-alkyl, C2-C20- 

alkenyl, C6-C2o-aiyl or alkylaryl having from 1 to 10 carbon atoms in the 
aljcyl part and 6-20 carbon atoms in the aryl. part and two radicals R 3B may 
also be joined to form a five- or six-membered ripg. 
5. A monocyclopentadienyl complex 1 as claimed in any of claims 1 to 4, wherein A has the 

15 formula(m): 




where 

. E^-E 40 are each carbon or nitrogen, 

R ic -R 4c m eac j^ independently of one another, hydrogen, Ci-C2o-alkyl, C2-C20- 
alkenyl, C 6 -Cio-aryl, alkylaryl having from 1 to 10 carbon atoms jn the 

20 alkyl part and 6-20 carbon atoms in the aryl part or SiR 5C 3» where the 

organic radicals R^-R 40 may also be substituted by halogens or nitrogen 
or further Ci-C^o-alkyl groups, <VC2o-alkenyl &owps, C6-C 2 o-aryl groups, 
alkylaryl groups having from 1 to 10 carbon atoms in the alkyl part and 6-. 
20 carbon atoms in the aryl part or SiR- c 3 and two vicinal radicals R^R 40 

25 or R» 1C and Z may also be joined to form a five- or six r membered ring, 
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R 50 are each, independently of one apother, hydrogen, Ci-C2o-aIkyl, C2-C20- 

alkenyl, C6-C 2 a-aryl or alkylaryl having from 1 to 10 carbon atoms in the 

5C 

alkyl part and 6-20 carbon atoms in the aryl part and two radicals R may 
also be joined to form a five- or six-membered ring and 
5 p . i ? 0 when E^-E 40 is nitrogen and is 1 when E^-E 40 is carbon. 

6. A monocyclopentadienyl complex as claimed in any of claims 1 to 5, wherein L lB is 
carbon. 

* 7. A monocyclopentadienyl complex as claimed in any of claims 1 to 6, wherein Z is ' • 

,CH(C6H 5 )-. ; 
10 8: A catalyst system for olefin polymerization comprising 

A) at least one monocyclopentadienyl complex as claimed in any of claims 1 to 7, 

B) optionally an organic or inorganic support; . 

C) . ' optionally one or more activating compounds, 

D) optionally one or more catalysts suitable for olefin polymerization and 

15 optionally one or more metal compounds containing a metal of group. 1, 2 or 13 of 

the Periodic Table. . 

9. ■ A prepolymerbsed catalyst system comprising a catalyst system as claimed in claim 8 and 
one or more linear Cr-Cio-l-^enes polymerized onto it in a mass ratio of from 1 :0. 1 to 
' 1:1 0.00, based on the catalyst system. * 
20 10. The use of a catalyst system as claimed in claim t 8 or 9 for the polymerisation or 
copolymerizatiori of olefins. 
J 1 :. A process for preparing polyolefins by polymerization of copolymeritation.of olefins in 

• the presence of a catalyst system as claimed in claim 8 or 9. 
12. A process for preparing cyclopentadienyl system anions of the formula (VH), 



(VII) 




R 

25 where the variables have the following meanings: 



R 1A -R 4 *are each, independently of one another, hydrogen, Ci-C 2 o-alkyI, C2-C2o-aIkenyl, 
C6-C20-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20' 
carbon atoms in the aryl part, NR 6A 2 , N(SiR <A 3 )2, OR* A , OSiR 6A 3, SiR 6A 3 where 
the organic radicals R lA -R 4A may also be substituted by halogens and two vicinal 
radicals R ,A -R 4A may also be joined to form a five- or six-membered ring, and/or 
two vicinal radicals R 1A -R 4A are joined to form a heterocycle which contains at 
least one atom from the group consisting of N, P, O and S, 

R 6A are each, independently of one another, hydrogen, Ci-Cko-alkyl, C 2 -C2o-alkenyl, 
C 6 -C 2 o-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part and two geminal radicals R 6A may also be joined to 
form a .five^ or six-membered ring, ' , 

A is an unsubstituted, substituted or fosect Keteroaromatic ring sy stem, 

R 4B are each, independently of one anothe^ hydrogen, C.i-C2o-alkyl, C2-C2o-alkenyl, 
C«-C 2 9-aryl, alkylaryl having from I to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part or, SiR 3B 3, where the organic radicals R 4B may also 
be substituted by halogens and two geminal. or vicinal radicals R 4B may also be 
joined to form a five- or six-membered ring and 

R 3B are each, independently of one another," hydrogen, Ci-C2o-alkyl, QrCM-alkenyl, : 
C6-C2o-aryl or alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6- 
20 carbon, atoms in the aryl part and two . radicals R 3B may also be joined to form 
five- or six-membered ring, 

which comprises the step a) or a'), where, 

in step a), an A" anion is reacted with a folvene of the formula (VlAa) 




iti step a'), an organometallic compound R 4B MPx B b Where 

M B ' is a metal of group 1 or 2 of the Periodic Table of the Elements, 
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X B is halogen, Ci-Cio-alkyl, alkoxy having from 1 to 20 carbon atoms in the alkyl 
radical and/or from 6 to 20 carbon atoms in the aryl radical, or R 2B and 

b . is 0 when M 3 is a metal of group 1 of the Periodic Table of the Elements and is 1 
when M B is a metal of group 2 of the Periodic Table ofthe Elements, 

is reacted with a fulvene of the formula (VTlJb): 



(Vlllb) 





13/ A process for preparing cyclopentadiene systems of the formula (Vila) 



(Villa) 



' ~i .where the variables have the following meanings- 

e 6A_ e ioa each carhop, where in ekch case four adjacent E 6A -E ,0A form a conjugated 
diene system and the remaining E <A -E 10A additionally bears a hydrogen atom, 
10. • ' R 1A ^R ?A are each, independently, of one another, hydrogen, CifCaj-alkyl, Cj-Cio-alkenyl, 
C 6 -C20-aryl,- alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
' " carbon atoms in the aryl part, NR 6 ^V, N(SiR 6A 3)2, OR 6A , OSiR 6A 3 , SiR 6A 3 ? where 
the organic radicals R IA -R 4A may also be substituted by halogens and two vicinal 
radicals R lA -R 4A giay also be joined to form a five-., pr six-membered ring, and/or 
\s . ttvo vicinal radicals R 1 A -R 4A are joined to form a heterocycle which contains at 

least one atom from the group consisting of N, P, O.and S, 
R 6A are each, independently of one another, hydrogen, C r C 2 o-alkyl, C^-C 2 Qralkenyl, 
Ce^OTOryl, alkylaryl having frbm 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl pirt and two geminal radicals R 6A may also be joined to 
20 . form a five- or six-membered ring, 
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A is an unsubstituted, substituted or fused, heteroaromatic ring system, 
R m are each, independently of one another, hydrogen, d-C^o-alkyl, C2-C2 0 -alkenyl, 
Ce-Cjo-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20 
carbon atoms in the aryl part or SiR 3B 3, where the organic radicals R 2B may also 
be substituted by halogens and R 2B and A may also be joined to form a five- or 
six-membered ring, 

Jt 3B are each, independently of one another, hydrogen, Ci-C2o-alkyl r C 2 -C20-alkehyl, 
C 6 -C 2 o-aryl or alkylaryl having from 1 to 10 carbon, atoms in the alkyl part and 6- 
20 carbon atoms iti the aryl part and two radicals R 3B may also be joined to form a 
five- or six-membered ring, 

which comprises the following sfep: 

a") reaction of an A-CR 21 ^ 2 *" anion with a cyclopentenone system of the formula (IX) 



(IX) 
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Abstract 

Monocyclopentadienyl complexes in Which the cyclopentadienyl system bears at least one 
unsubstituted, substituted or fused, heteroaromatic ring system bound via a specific bridge, a 
.catalyst system comprising at least one of the. moriocyclopentadienyl. complexes, the use of the 
catalyst systemfor. the polymerization or copolymerizatioh of olefins and a process for preparing 
polyolefins by polymerization or copolymerization of olefins in the presence of the catalyst 
system and polymers obtainable in this way. v 
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